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AN ENVIRONMENT CONDUCIVE TO SOFTWARE DESIGN:

« JMSS. SYSTEM FOR MODELING OF SOFTWARE pRocEssns AND

‘ ' " PROGRAMS WITH J-MAPS

i
. ‘ D. J. Eddy

+

[

An environment conducive to software design is propoéed,
described and implemented. This‘environment provides a
framework to build_ and store information in a highly
oroépized may.; All information‘abont a program is retained
for reference and review.

The framework is ‘ the databasefof .mformatiqn about the
system and within that framework are bullding blocks of ’
tables ordered in a specific -way. These tables go beyond ;
conventional decision’ tables to : Structureq method of
approach to programming, A notation used for these tablest,'

is called J-Maps. The J-Map notation is hbased on se;sj

defined roles of sets: and set members -and assoc1ationsﬁ

)

'between them. The notation supports control flow charts,
data flow diagrams, structured pseudo descrlptlons as weil

'as other popular structured software development techniques,

including graphical representation. All informatien about

the program and including the program is ,stored in a
Q

Relational Database providing the designer with the abillty

t
to review and study his designs as well as communicate to
others his ideas. ‘'The system-model is based on the software
\ [

-
7 . !




— - F s e . b s P a4 T S & AR O A

B .. Tu, 475 - TR TURRGR TGRS SR T AN I ST A A T 1 TT s (X T TROSEN e TR R R ETe seTat e d BT TR B WL

. I, 47 . aon ] 4 et ESAALY PS AN ot N r ’ DS TS tE "

y [ . ¢ i * K -
- ¢
o . A 1
> N L}
4 -8 = e

v v - * J—

¢y o o4 o~

vV i . ‘ h .

o s Loy »
A ~ ~ N
\ M Al - - ~
' B . , >
» . : .

\ .

- , .
1 ife cycle . - T . ' )
- g L . .
.

The goal of this thesis‘g is to tdescribe a method of problem, o
L S X
' solving, taking‘int‘o account the software 11fe cycle, that: . )

N supports a good st;:ucture. _The strength of the method

) described lies not oﬁly :m the development process but 1n °
) the structu.re that permits analytical. z_'e_view at the ': ,
- e implementation ' process. . Automated analysis for
. completeness,, consistency and redundancy is demonstrated as
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1.0- INTRODUCTION

"AS th’e complex‘ity and size of programs increase, the
programmep is challenged with the ‘task of o'rganiz&nl; his’
prog‘ram" in a manqe; which will enhance intellectual

.manageability. Thus, the structure and )jstyle are critical

- in regards to writing programs and verifying their

correctness. In recent years, considerable emphasis has
been'plahced on the correctness of programs and techniques
for engineering them to be correct. 'However, more emphasis

should be plaéed on designing languages which facilitate

_ constructing correct programs"l. Hughe went on to describe’

P

a language ASPL (A Structured Programming Language) that
p‘ermits‘ the use of decision« ta/b/},_ers\gor expressing complex
1oqic: 4
P“rogrammgr produqti\}ity, fast prototyping, computer
generated code,’comput'er a;sist d verification, and provably
correct software are Jjust sope of‘ the topics under
discussion in prog}'essive orfjanizations. To bc}ac,ome\ more
produ‘ctivé“and r;main competitive, optimization_ of methods
and Q:"gcedﬁr_:es requires not only organization but al.ltomationf
when possible. A | ‘ e
Organization at the design and specification levels can
be :‘ assisted by a consistent computer supported dé;ign
methodology. Automated tools capable of verification,

‘analysis and report writing provide a support environment
" . v




»

for the life cycle of the software. Dependency on salictcd
staff (ie,‘ the individual(s) who developed‘ the Jsottwaro'j
will not be as great partaicularly‘.during .thé mainﬁenanc’e
cycle. : ‘ ‘ |

To provide a designer with a productive e;wironm;nt
requires }ntegrafioﬁ of the many 1levels of program --

development. These levels 'include:

1. Iden ification of needs * “
. 2. Requikement specification -
3. Design specifications '

4.. Software specifications
5. Software implementation
6. Program documentation
7. Testing and operation
.8. Program analysis

9. Program modification
10. Program maintenance

One of the more important factors of this environment dis
that action at one level ~of program development is noé
'deétructive ‘to the other 1levels. That is, program
¢ I

modification is integrated into the program specification in

such a way that the documentation is not out of sync with

-the existing program even after modification.

‘The objéctive of this thesis 'is to demonstrate a method
of re‘ducirig errors at all levels of the sqgftware life cycle.
s ' . .

This will be demonstrated by the organization, consistency,

énd support system ‘fox: J-Map constructs. Large systems

.. often become difficult to maintain due to the loss of the

relationships between the specification levels (conéeptual)
and the ‘implxementatien levels. The development of a system

requires many decisions  made at many 1levels in the life

/

&




cycle. To maintain a consistent design development requires

review and sometimes ré@ision of design strategiea applied.

x

cOntrol of these changes requires updating prevxously made

'

decisions to reflect the new strategy. ,"a

The c%rrent method used for storage- gf pregrams is
usually a set of 'lines, ordered in a specifiu way with a

nqtation for, producing repetitive, conditional and
sequential action. Analyzing data flow, contrel flow or
logic flow from conventional programming language code is
nearly impossible and~at best timer consuming. The structute
and style of most programming languages, unfortunately,
precludes the ability to’ develop easy to read and
understandable programs. Verification of the cerrectnees of
the conventional program from a logical perspective'as wellﬂ /.
as at the implementation level leaves a great deal to be
desired. o

This thesis ‘will demonstrate a method for designing,.
communicating and implementing software. This ‘strategy will . -
include: , “ .
l. A structure that. can be analyzed for logic flow,

*  control flow and data flow;

2. A structure that can be verified for correctness

using computer assisted checking;

3. A structure that ingprporates documentation at all
: levels of software development cycle;




~with, and the experience, talent and ability of the to

2.0 ELEMENTS OF BETTER DESIGN SPECIFICATIONS 1
. o

"One of the great communication tragedies is to watch an

\ organizatipn &o through careful planning~exercise;‘step by

step, complete with- ch‘arés and graphs and then turn the
strategy over to the 'creatives' for execution.q They, in
turn, apply their skills . and the stéategy disappears in a
cIoud of techﬁique; never to be .recognized again."z
Considerable effort is required for developing an
environment condﬁcive to software design. The time and
effort required for software design must be'minimizeq with
end results maximized in terms 'of quality and inteérity of
the .software. ) The loﬁg practiced engineering ‘'and
architectural methodology of blueprints and design contrasts
with the gurrent practice of programmers who attempt to
write a program without a comprehgnsive design. Equally
important, and generally lacking, 1is an understandable,
concisg_design document. .
T™he development bf specialized tools for the designer-is
essential in whatever trade the designer is in. Ehe quality

of these tools,is.a combination of good materials to begin

designer.
v_

language for implementation. These relatively modern




elements are combined to form the support environment for
; . software design.

¥ 2.1 splﬁcxr;ucmxons’ _ -

Prograﬁﬁér productivity is one of the major factors
leading to the development of tools for designing and
developing programs. In fact, programmer productivity tends
to be a muqh discussed issue in'many.computer centers.

Project Slanning includes evaluation of user peeds,
projected.end result, cost and time frame “for completion.
There are numerous methods used for project planning.
However, most séem to .suit the analyst's needs rather tﬁan
thé end user. Many projects fail because the end result is
not what was expected or it took too long to deliver.

1

\ .
i The design and organization of problem specifications

4

‘used at all levels of program development coul gvide
,clients as well as the designer’a pr ctive environment for
communication. At the hi level of specifications, the

clients require s could be clearly defined. The

specificatitn could then be refined to greater detail by the

analyst(

B 1 lists the properties desirable in é\;;lcification

s described ﬁy Hamilton and Zeldin referred to by MartinS.

These 'properties, while in piincipie ideal, in bractice vary
greatly ingéi{fi:ulty of application. Problem solving, in
general, fequire a grasp of the problem before it can be

\



¥ Be easy to change
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solved /:orrectly .

BO]S/ b § DBSIRABLE PROPERTIES OF A SPECIFICATION
/7 A PROPER SPECIFICATION SHOULD:

/ Be free from errors

Have conceptual clarity
Be easy to understand by managers, analysts, or programmers| -
Be presentable in varying degrees of detail

Be eagy to create

Be computable (i.e., have enough precision that program
code can be generated automatically)

Be formal input to a'program code generator

8e complete .

Be tracesble when changes are introduced . -

Be independent of hardwere )
‘ Employ a data dictionary

Employ a date mode| based on form-l data snalysis

Employ s program module Library with automatic

verification of interface correctness

Employ computerized tools which make it easy to menipulate

and change

2,2 DESIRABLE PROPERTIES OF‘\A SPECI?ICATION LANGUAGE
Effective communication between the designer, implementor,

administrator and end user is a complex scenario at best.

,The -user department specifies the problem in one language

!

while the ciesigner specifies it in another. By the time the
specifications are drawn up, the implementor defines the
missing details himself. To design a method for the

specification of a project, easily understood at all levels,

- would be one of the main objectives of a -specification

lan@uaég.
A 1list of desirable properties for a specification

language as suggested by Martin® is given in Box 2.
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BOX 2 DESIRABLE PROPERTIES OF A SPECIFICATION LANGUAGE

‘these. Most complex systems come into existence through a combination of top-

It d;auld provide a way to think sbout systoms which_{mproves.conceptusl
clarity. : s

It should be easy to learn and use. At its higher levels it should be
ussble by non-0P personnel. . ’ y

It should be couwfnblc ahd program code should be generatable from it .
sutomaticslly, ' .

1t should be designed for maximum automation of systems analysis, design,:
snd programming. .
It should be rigorous and methematically based so that its designs are
buflt from provably correct constructs.

Its mathemstical basis should be hidden from the average user}becsuss most
users ara terrified of mathemetics. ' /

1t should-he versetile enough to remove the need for all manusl use of .
programming {anguages. (Manusl programming immediately violates the
requirement of prw&rtorrcctmu.)

It should extend from the highest-level conceptualization of systems down
to the creation o{ enough detail for program. generation. In other words,
one Language should suftice for complete system creation. The more detailed
versions of [] specification should be a natural extension of the more
gonaral ones, The high-level specifier should be sble to decide into how
much detail he wants to go before handing over to the implementor.

it should be a common communication medium smong managers, designers, .
{mplementors, verifiers, maintainers, and documenters.

1t should use graphical techniques which are essy to draw and remember.

It should employ a user-friendly computerized graphics tool for building,
changing, and inspecting the design. The language should be formal input
to automated design.- /

It should employ testing tools which assist in verification and permit
simulation of missing modules so that partially, complete designs can be teste:ﬂ

I~should be ussble with top-down or bottom-up design and it should integrate
down and bottom-up design. The technique should allow certain elements of &

system to be specified in detail while others, possibly parents or ancestors
{n the hierarchy, are not yet defined.

1t should indicate when a specification is camplete.

t

» : <




A specification language is a tool ¢to assist in the
de51gn and development of quality programs. This does not
mean'/that bad design is gping to be  improved with a

specification. The garbage-in, garbage-out adage prevails.

—

L

2.3 PROPERTIES' OF POPULAR METHODOLOGIES

14

There} are currentiy numerous methodologies supporting

software design and develoément. This section reviews
)

briefly the basic features of some of these methodologies.

'y

2.3.1 GANE AND SARSON’ f
1 }) t
’ * s

The Gane and Sarson approach to system deévelopment uses

"logical data flow diagrams" as the supporting tool. Using

L]

the top down approach, a series of proéess boxes outline the

- features of the system. From there, each process box can be

"exploded" into a ‘lower-level, more detaileq data flow
diaéram. Repeating‘this process several times results in an

implehentetion level of diagrams.

Tﬁe development process used by Gane and Sarson is as

-

follows:

1. Draw a logical data flow diagram

;. 2. Put the Hetail in a data dictionary
3. Define the logic of the processes
4. Define the data stores
5. Create a,functional specification

%

:
IR



The data flow diagrams use varishs‘symbol conventions to
indicate different types of entities. All ‘entities . are

defined in a data dictionary. Data flow is symbolized by an

b ‘
y arrow indicating the direction of flow. Functions on the
entities are then defined. The result is a rather large

hand drawn graphical representation for relafively émall
ﬁrocedures.
| 2.3.2- YOURDON AND CONSTANTINES |
, fpurdon and Constantine give.Fonsféerable descriptions
of complexity, mbdularit&, and heuristic development. The
déyplopment process for data fléw diagrams 1is ‘also
explaihedi They approach system design from the perspecfiQe
of the input stream eventually producing the desired output
.+ stream (and\or vice versa). The system is functionally
decdmposed with respect to data flow. Each ?léck of -the
structure chart is obtained by sgccessive application of tﬁe
engineering definition jof a black box that transforms ;n
input data stream into an output ‘data stream. A Control flow
is eventuaily overlaid on the structure (implied by a series
of lines between the data boxes). ‘ The continﬁed factoring

process produceé a . highly detailed definition .of the

problen. hen these transforms are implemented, the: result

A

is like an assembly line that merges streams of-input parts

and output streams of final products.

R . ] '
Figure 2.1 is an example of the method used by Yourdon

L-

A
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. Figure, 2.1 Data Flow Design Method
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2.3.3 MARTIN?
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mathematically rigorous manner.
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(Higher-Order Software) meéthodology
described by Martin represents systems by means of trees.
decomposed hierarchically in a

Working out which control

structures are needed in the decomposition of a coxnpiex'

(
operation is t{c'lious .

»

It is

regarded

’

as

a

P

system
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specit}cation tool. - The control structures of JOIN,
INCLUEE, Oﬁ, éOJOIN, COINCLUDE, COOR, and CONCUR, based on
'mathematically provable Eogic, Sre used to build the trees.
One of thql‘strengthé of the system is its ability to
. generate code from the ?pecifications. It can operate on
any computer in any language for which a generator module

exists. - 4

2.3.5 JACKSON10O

The Jackson model of software engineering structures a

prograh in pure tree structures. These structures give rise

to tha concept of hierarchical modularity.

The prograAmming process can be partitioned into the
fo;lowing steps:

1. Form a system network diagram that models the

problem environment.

2. Define and verify the data-stream striuctures.

3. Derive and verify the program structures.” -

4. -Derive and allocate the elementary operations.

5. Write the structure text and program text.
Jackson partitions complex problems into simple programs
resulting in a network of hierarchies. The data structure

design methodology of Jackson is developed frg% the bottom

. The "correct" method for extending this hethodology to

large system problems is still pé&nq developed.

An example of Jackson's data strucfure design is giﬁen

: LR
in Figure 2.2 as given in Bergland's reviewll, (/ﬂkf :

<
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0 : ‘ N
— DATA STRUCTURES PROGRAM STRUCTURES
SORTED . ‘. CONSUME STF
TRANS |<—>| REPORT, | PRODUCE REPORT
FILE . ‘ « ) —
[ | - [ |
REPT REPT 'REPT PROD PROD PROD |
HEAD ‘|| BoDY SUMM HEAD BODY SUMM
| \ | ’
‘ ¥ ITEM |<—>| REPORT CONSUME ITEM GROUP|[ -
- , GROUP LINE PRODUCE REPORT
- LINE
® |
b ‘ TRANS '| cONSUME TRANSHCTION
L ‘ RECORD . RE
. ) v . " [A , f - @ [ ‘
y Ny I i [ |
~ » {|rec p| |pIsTr|: oD N CONSUME CONSUME.
‘ " REC REC } REC D REC.|| DISTR REC
A, Figure 2.2 Data an& Progpam Structure used by Jackson .

s

executable operations.

process is given in Figure 2.3.

"“This data structure (Figqure z.iixis then overlayed with

An. example of this overlaying"

i \ ‘ L3
The "Text Step" translates the structure diagram into

; 'structdte text as shown in Figura 2.4: Program labéls tend

2l

o be limited in size and consequently require abbreviations

of words.

be coded.

» «

2 L Stk
T . < 1 .

e ~

a _

S 3

Y

: v -
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rd

-

This translation defines how the program should
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- EXECUTABLE OPERATIONS PROGRAM STRUCTURES
1. write "heading CONSUME STF
2. 'write net_chg PRODUCE REPORT
3. write item_grps . " ‘ .
4. net Chg =0 l l ! l
, 5. .net_chgs= )
net_chg + qty |7 [{10 .PROD PROD PROD 11
6. net_chg = HEAD BODY SUMM
" net_chg - qty (9
7. item_grps = 0 l 4#d — ! ~ [ -
8. item _grps = - ] CONSUME ITEM GROUP =
iter&grps +1 1 PRODUCE REPORT 3
9. open stf LINE ~ .
10. read stf, - - : : ;
11. close sff < I
A112. critem f next_item ) .
P ! 4 - PRLBDY 2
. ‘ S L
N Y | CONSUME TRANSACTION
SR ‘ RECORD ’
o .t "—-'—'_'_1”
. o - L CTRBDY | |10 )
. ‘ . [ \f ’ [ ’ ;
L ) ) . . ) M . l Y g l7“
T _ CONSUME CONSUME
} “REC™DY RBC DISTR REC
“ - N [ l | -
o ‘ 5 / 6
¥ . .
- —

‘

Figure 2.3 Alloqation of Executable Operations to Algorithm in
. Figure 2.2 (Jackson)
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P seq) ) ) . ' -
‘item_grps:= 0; : ‘
open stf; read stf; )
write heading; :

P_BODY itr until (eof_stf)
C_ITEN GRP_P_REPT_LINE seq
net_chg.= 0; /
item_grps r:.lgdte'm_,grps + 1;
critem:= xt item; .
,, PRLBDY itr while (next item = critem) -
) . c_TRANS_REC seq
. CTRBDY sel (code - R) . -
net_chg:= net_chg + qty: P
CTRBDY alt (code - D)
net_chg:= net_chg ~ gty

CTRBDY end
read stf;
~-C_TRANS_REC end
PRLBDY END
write net_chg:; ,
C_ITEM GRP_P_REPT_LINE end —
P_BODY end , )
write item_grps; cloge stf;
P end

3
- 9

-
'

Figure 2.4 Structure text for Figure 2.2 (Jackson)

2.3.6 JAWORsk112,13 a -

J“'-Maps* are related to decision tablesl4 to a limited
extent. Decision tables are principally truth tables. This/
allows the evIuat;ion for a complete set of alternatives by

simple and dir'ect means. Computer assisted evaluations for

completeness are quite straight forward. Decision tables *

*

concept developed by Dr. W.M. Jaworski. Previous names
given to this type of 'structure were "ABL" and "W4".  All
(ABL, W4 and J-Maps) differ somewhat in structure and
concept. .

-

) 14

-

J-Maps have evé}ved over the past 12 years from a

2
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Program Structure
1
2
1

]

Set vars;open/resd stf; p.head .o .
C_ftem grp p rept_tine
eof-stf

Prildy (code - R)

Pritdy (code - D) S - -
6 next ftem © critem ' ‘
Program Descriptions .

Initislize varhbln,opon files ) ( 2 .
C_item_grp P-rept_Line - .

3 Consume Item Gmp;Prodxn Rep.L.
4 Consume Trsnsaction Report

5 ey

£x

e« e e o« & £

<.
« s s e
(tsn-‘.

« e s e
¢ L e o o »

., s v »

-

3
4
5
2

« v e O®
« s ame
Qe » @+
a8 pua s
. . ’. Q-

« o o~e a

Executable Conditions .
1 eof-stf - . + i
2 next {tem = critem L4

3 code + R

4 code - R
€xecutable Operations ,
1 write heading S

2 write net_chg - &

* e« v o
v s e -
s v s e
-‘l"ﬂ.
L, Y
" e e

3 write item_grps

4 net_chg = 0 .
5 net_chg = net_chg + qty ' . .

g net chq-mt _chg - qty o
8

4

ftem ) grps =0 -
from 1L grps = {tem grps + 1
open stf

10 read stf i
" close stf L
12 critem = next ftem C .

Figure 2.5 J-Map Table Representation of the Algorithm 1n B
Figure 2.2 L.

¢
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are very limited in that they are able to evaluate one set

of alternatives. There is no control flow defined to other’

tables. J-Maps combine the features of a decision table /
with other important concepts. J-Maps are composed of one

or more’ decision tables linked to form a unit wlth a defined -

control flow. -~

Documentation is imbedded in the J-Map tables keeping

3
o °

. 15 #




. %‘ .
Documéntation is imbedded ir; the J-Map t}:a‘blas keeping
human logic mapped on machine logic at each decision point
(cluster) and each selection item (alternative). The usual

: v
development process of the J-Maps is a p down approach of

functional decomposition (éhough botthm up can also be

. used). Decomposition may be performed with respect to time

v ‘ ¥ ®
‘order, data flow, logical grouping, access to a common

L}

resourée, gontrollflow or some other criterion. Thq result
ié a flexible environment caﬁéble of suﬁporting.'m;ny
different philosophies "of - how to ddesign ﬁnd. develob
programs. . :

“Figure 2.5 represents the algorithm iq Figﬂfa 2.2 in J-
Map format. The proqrgm st;ucture is defined by ,tﬁe'
relationships between the structﬁre and ‘the program
description. The first alternative in the program structure
is indicated by a "v" in row 1, column 1. It states: 1. Set
variables; open sorted trahsaction ffile; 'read sorted
transaction file; print heading of report. Looking down the
first column an "s" indicates the starting cluster, in this
case’ 1) Initialize variables; Open files. There are no
conditions guarding this alternative, so the actions list is
indicated by numbers in the firsF coiumn. They are:

1. item_grps'= 0
2. open stf

3. read stf . , o
4. write heading "

16
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Program_Structure .
1 Sot vars;cpen/resd stf; p.hesd

Program Descriptions

. s e e e 1 initial{z¢ variables;open files

2 C_{tem grp P-rept_Line

-Executable Operations - ’ »

s & e 1 write heading 7

e & e e 7 {tem grps = 0

« o s 14 open stf

e s e . 10 resd stf

<
.
.
.

W - aw

* s = »

Figﬁre 2.6 J-Map Table showing'CIusterﬂl in Figure 2.5

.After these operations the next step, iqdicated by the
"g" in the f}rst column, shows step 2 as the next step, as
shown in Figure 2.7. There are two alternatjves to select
from, #2 or #3. The description of this cluster.is " 2.
Coﬂéum _item group and produce report line". The

descriptions of the alternatives are: . 2. C_item_grp:

P_rept_line or 3: eof-stf (sorted transaction file).

Program Structure . , v
eV oL . . 2  C_item grp p rept_Line . £
R 2 . eof -stf . 4
" -Progrem Oescriptions
. 88 . . . 2 C_item_grp P-rept_Line
. 3 Consume Item Group;Produce Rep.lL.

d . . . 5 EXIT
€xecutable Conditions ,
N S S 1 eof-stf
r €xecutable Operations
- P 3 write item grps
T 4 netchg =0
e @ 00 . 8 {tem grps = {tem_grps +
T 1 close stf
R 12 critem = next item

Figure 2.7 J-Map Table Showing Cﬁuster 2 in Figure 2.5
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B 3

Checking the guards to alternative 2, assime the state

neof-stf" is false. 1In this case, alternative 2 is selected.

with the actions 4,8, and 12 cbmplete§. The next‘ciuster is
number 3. Repeating the process of selection, one

alternative frompthe alternative set§f¢55,6> will match the

current state of the machine (Figure 8). Assume

a

e Program Structure
e ¥V . . 4 Pribdy (code - R)
« - . 5 Pribdy (code - D)
r"f‘g— v 6  next jtem <> critem
Program Descriptions
. d 2 C_item grp P-rept_Line
° L L s 3 Consume [tem Group;Produce Rep.l.
- €xecutable Conditions
t t f 2 next item = -critem
t . . 3 code + R
.t 4 code - R
£xecutable Operatiom
| 2 write net_chg
T 5" net_chg = net_chg + qty
I R é net_chg = net_chg - gty v
. 2 2 . 10 read stf ‘

° - 3
Figure 2.8 J-Map Table Showing Cluster 3 in Figure 2.5

alternative 5 is selected. The action list is completed for

' that alternative. The néxt cluster remains number 3

e

(indicated by the "1" ). Assume this time alternative 6 is

selected (this means next_item' <> critem in the guard).

After action #2 is complete the "d" in this column indicates

the néxt cluster as #2. Going back to cluster 2 (see Figure
2.7), assume the current, state of the machine is
* )

Yeof_stf=.T.". Then the program ends after the 2, actions,

#3 and #11.




This programming” structure will be discussed ‘in greater
detail iﬂ the rollowing”chaptéfs. What should be ndted here
is the easé‘with‘wﬁich trees can be represented in table
format. This is an iméprtant feature in that tables are
more easily generated than trees. Also, tﬁe ability‘to
re;}iew the condition 1lists Jand check for completeness is
valuable in determining if a ’péssible conditions have beeq
considered. | |

The development processes used in other methodologies
can be applied using the J-Map approach: Report‘writimg and
graphical representation of the programs are'eagily produced
.when J-Maps are used. - ‘

The strength of a methodology is often governed §tr6ngly

’ L 2
by the practical application of the methodology.

2.4 CONCLUSIONS h

G. L. Berglandl® reviewed several program design
methodologies. He stated " The major motivation for looking
at program design methodologié;"is'the desire to reduce the
cost of producing and maintaining software. ... I believe
that the quality of the program structure resulting from a
design methodology i§~the'single most important determinant
of the life-cycle costs for the resulting software system."

' Figure 2.9 compares the design\methodqlogies reviewed.

All concentrate on the software specification and software

implementation processes in the system life cycle. The

{
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activities used in each nmethodology variés."

methociologies pi:ovide some insight into what the

-

“methodology should offer.

-

Model of Program Design Methodologigs in J-Map Format

1
2
3
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CLASSIFICATION OF DESIGN METHODOLOGIES

Functional Decomposition .
“Data Flow Design

Data Structure Dninq
Prograxming Calculus 6

HETHODOLOGY

M.A. Jxckson ‘

€. Yourdon and L.L. Constantine
Gane and Sarson

J. Martin

SYSTEM LIFE PHASE

ldentification of Needs
Reduirement Spw(flcat;pn
Design Specifications
Softuare Specification
Softwere Implementation
T“t‘m L 3
Oparation

Maintenance

Retirement

TIVITY

Data Flow Diagram
Contents of Data Stores:
Process Logic !

* Structure Chart

Input/Qutput Data Stream
Program Structure
Structure Text - Pleudocode

F’

Figure 2.9 A Comparison of Software Methodologies

' # Comparison_ study taken in part from the Jaworski and

Radhakrishnanl?

The next sectiori describes a practical a‘pproaéh to system

design using J-Map structures. /

¢
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3.0 AN ENVIRONMENT DESIGNED FOR SOFTWARE DESIGN
J

"One ind(icaltion of the valjdity of a principle is the
X

vigdour and persisteﬁce with which it is opposed. 1In any

A

field, if people see that a principle is obvé.ous nonsense
and easy to refuie, theyhtend to ignore it. ' On the other
hand, if the pri‘nciple is difficult to refute and it "caﬁges
them to question some of their own basic assumptions with
which their names may be identified, they have to go out of
their w&y to find something wropé with it."’"~
s o | Charles Osgood
3.1 WHAT IS IT ? |
¥ ' ‘ .

There are currently many design methodologies to choose
from. To compare the attributes and weakriesses of each
methodo]:ogy/ ‘requires a review of the needs of a systenm
desig.ner. *

The stages of- system d\évelopment is a layered process.
Fig&:ﬁxB.l shows one view of this process. The beginning
stages (top) are 1less structured and more conceptual.
COﬂversély,'lower stages are very étructured. The Lflow of
iw;ormation between the various levels qEring system
development is extremely useful.

Figure 3.2A represents the Software Life C&cle with(a

‘

more explicit view of the x:elai:ionsl{ips between ' "Pre

Development Processes", "Developmént Process" and "Post

»
, ) : %

- _—
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\ ’ |
—=<= >|Identification of nedds
=< > Requirem‘ént Specification <
=<= > Design Specif:l<:.a:n.:ions“‘C
= = Software Specific‘ations
o< > ~ software Implementation
=< > ' Testing
=== Operation Maintenance
e=>| 7 Evolution *
|
Figure 3.1 Stages of System Developmerlxt }
.G ' .
Development Processes". In this case, the "Pre Development

Process" includes "Identifjcation of Needs" or item number

1 in the process list. Srhe "Development Process" includes,

items 2,3,4,5- and 6 in the process 1list. The "Post
N ) . \

Development Processes" includes items 7,8, and | 9:\in the

process 1list. Reading the table in a column wise manner,

each step is composed of two alternatives. The first -

alter_pativ;a represents looping (1) through a - list o.f
activities as many wtimes as requi?ed. The second
alternative moves to the next expected process. This means
a('ction is moved from the source process, "g", 6 to the

destination process, "d". However, system design is seldonm

o , ‘

~,
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Model of Software Life Cycle {n J-Mep Format ’ .
GROUP OF PROCESSES:
vV . . P e 1 Pre Development Processes
vV V VIV V VYV YV vV Vv . . . . 2 Development Process
. v . . . VViVVy 3 Post Development Processes
ROCESSES |
| s PP W) e P . 1 Identif ication of Needs
dt s .. I e 2 Requirement Speci fication
. o0 d Lls . A I P 3 Design Specification
.« . d lL's « ¢ v o . o} . 4 {Softuare Specification
o e - L T R I 5 Software Implementation
- H .o d it s . . e [} Testing
. . A O I UIAY S . 7  Operation
. . .. e .o oo d L s . 8 Maintenance
P . . P 1 I O 9 Retirement
.. . . . . . d |10 Exiv .
. e . e e . e . o e . |e e | 11 EXCEPTION - SELECT NEXT STATE
- KEY:
t:loop; s:source; d:destination; e:exception selection
Figure 3.2A Model of a Software Life Cycle in:-J-Map Format
a planned-sequential list of activities. Rather repetition
of a previous process or jumping to another process such ‘as
A testﬁg may be desirable at any given time. This case is
described as the exception (e) state, allowing for the non-
Y o . * .
expected selection of the next process.
The model is expanded further by incorporating the
\ activities for each-process. Figure 3.2B shows the the list
of activities for each process. These activities were not

decomposed according to time, but rather according to the
process. Consequently, only "v"s indicate these activities

rather than a particular order sequence.

'

'3.2 WHAT DOES IT DO? :

The relationships between the levels of definition is

shown graphically in Figure 3.3. The horizontal spreadilﬁ
. . <

»

PR
Pey .




5

S S

Model of Softvare Life Cycle in J-Nap Format

v

v

v

[}
n
i

P

]

v

v

v

v

v

v

v

.

v

v

<
<

< e

1
2
v3

¢ o @ & @ o 4 8 5+ -

ae»

o s 8.8 8 8 ¢ o & ™

—_

—_—

ﬁ:h’»

e ¢ 8 & 8 & & & e~ o

® s o« s o 0 O W o

" e s e s 0

.o-oongpa:-

s o s DLW v e

4 8 & & 8 ems & & S

e o o LW

® e o QW o o 00 s G|
Qe e

e & 9 ® eme 2 s o s 8
e 2 8 ome 8 4+ s s @

® s LB v o s 2 » e

® 4 =0 o 8 5 s 8 s s

l

® 0® s o o s o s s 0

OCONOWVMIUN

¢ 3 o 2 £ LLLL

€ o o s

" & 2 ® @ e 8= 8 8 & & ¢ @

B

PR

-.loll..tllllllll<<(<<ll_.l<

. ,
" 8 8 % s, % % B 8 & % B S S 5 3,3 B S S B B P B St O ¥ B PO B P

€* s s o s 8 s e 2 s s a s s s e e s e e KLCLCLCLLr ¢ B o L

& ® 8 ¢ 8 & @ ® ® & B 8 =3 8 8 8 = 8 U S & 0

« e o 2 5 8 & & & @
.

s o s » 0o o s 8 &

€ s s+ €LCLLLLLCLLLLLL LS o o

e ® & & & 8 & s & 9 8 & s ° 2
e e o e s 8 s e &

6

r L LCLCELCLLCLCLCLLLCLCC >+

$ % 3 % % ®w ® 8 B S ®E B ¥ OB S OB B BB S S T P oEF NN

<|-<<cca¢-c.-.-coc.-..--lu-co(

e ® @« 8 ®» m % & @ A e ® = @ & & ® W 8 e 8 % s & & s & s s s s ¢

s s o s o 2 o £

¢ 8 & s 6 w & .0 8 s b

s e o 8 o 8 3 8 8 s € Ls o L s o 5 s » L

a & ® s s 8 & 58 3 ¢ 3 s LK

......".....l.u\.........

€ €L o v o a v o0

v
v
v

---.-no((-(-:c.-(

@ &6 8 & ® © % 8 ® 8 ® 5 8 8 & & @ s & ® 8 s & ° 5 s s s s 0 3 & ¢

17.

20.

23.
24.
25,
26.
27.
28.

30‘
31.
32.
33,

ACTIVITY

’ \_s
Pre Developmant Processes
Development Process

Post Developmnt Processses

1dentificatfon of Needs
Requirement Spectfication
Desfgn Specification :
Softuare Specification
Software implementation
Testing

Oparation

Haintenance

Retirerent .

EXIT .
EXCEPTION - SELECT NEXT STATE

Program 10 ; .

System Requirements

Design Constraints

User Needs

Functional /performance requirement
Functions (overview)
Performance .
External Interfaces
Quality Attributes
Design Constraints
Functions (specific) .
iqnternal interfaces
Process

‘Data Store

Data Object

OCats Flow
Control_Data Flow
Entity

Binary Relationship
Multi-Relationship \
Attribute ol
Procedure

Alternative .

State ©
Pre-Condition

Action

Post Condition

Operation

Interpreter

Generator

Changes

Cbservations

Report Writer

3

s:gource; d:a'estimtion; esgxception selection

Figure 3.2B Model of a Software
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(or number of boxes on the row) represents the size of the

.problem/solution. The vertical direction represents the,

different levels of definition of the probiém/solution.

" At the identificatijon -of needs level, conceptual

descriptions are given with some definition of major'parts

of the system. The requirements specificatjon defines more
specifically those major divisions as "functions". The

dggign_jgggﬁjigg;hmk level becomes more refined. In the

example given (in section 3.3) there may be 3 design

specifigations, each representing one of the functions

%\in the ;ggQi;gmgn;g__ggégi;igg;igg. The ‘sample
desian specification (Figure "3.11), 6 describes the first
function in the ;gggixgmgn;__gpggifjggﬁign (Fiéure 3.9),
namely, "The data entry/editor to support the J-Map
notation." The software specification is a refinement 'of
the design syecification. In this example, the software
specification (Figure 3.13) defines the first function in
the degian specification, namely, "The menu driven screens

for selection of all activities™.

defined

Tﬁis level then expands brggdiy into thé softwere
implementation definition. In this case there may be a
dozen or more menu screens, each representing a procedure in
the péogram. Fiqyre 3.3 graphically shows how this
spreading occurs. The horizontal divisions would relate{to
the size of the program. The moré divisions, the larger the

program. The vertical expansion indicates the increééa in

o

(
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'Figure 3.3 Relationships Between levels of Definition

r

the amount of information required as .program development

processes are completed. .

This partitioning‘ process . keeps highly interrelated
parts of the ’problem“ in the same piece of thg system. From
a management perspectyive, ith has been sdgga;t_ecai: by Yourdon
and Constantine that ... implémentat’ion,‘, mai‘n{‘ten'am‘:e, and
- modification would be minimized if the system could be

.designed in such a way that its i:ieceé were small, easily

related to‘the application, and relatively independent of’
N ! R . ’



one another.' ‘'This neans, then, that good desigWh
exercise ‘.ln p_a:&i;ig_ning and gr_gg_nj._zing the pieces of a
system nlg o

% The Software Life Cycle médel -selected here is
api:i'opri'ate for most organizations. This mgdel becomes the
‘framework for s'oftware projects. , It is also similar to the
‘model',siiggestefod-by the IEEE (‘Plr’elilminar’y) Reportl?,

The mahagement of the volume of informationia Software
‘Li'fé Cycle _ (SLC) can eneompass requires considerable
ofganizatiep. . More portantly, easy .access ' to the
information is of cor_xsiderab— e i’l’nportance in order to remain
on tract and’. in cohtrol of the spftwere deveiopment. The

SLC development process is not a sequential 1list of
E N

‘mctivities. Rather, the development activities include many

5
loops and decision points not unll.]ce the program itself.

The amount of information required in the dgsign process
5: a brogram expands considerable with each step in the
program development process. The details Qf each level are
defined in Flgure 4. 28. Each. level may not be “all-

‘incl)asive. However, they offer the designer a good basis

.for stz:uctured design. -

=

J=MAPS expand on the concept of sets and their

' relhtionships. The J-MAP model used here is a subset of the

i:omponents used by many other zopular methodologies as
.outlined In Jaworski and Radhakrlshnan?-o and described in

section 2 4. ° - ot ( - ~
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represented is 'described in Figure 3.4A. - Information can be

displayed ‘or 'viewed in one of five types of perspectives.

The legical overvieWd of hov} " information can be

i

-

Sometimes, the same information may\ﬂae viewed in several-

different vfays. These types of perspective include:

Model

of J-Map Structure ) .
- PERSPECTIVE
VYV oLl . « s+ o+ s+ » + 1 1 Meta Oata Flow (at module level) o
VY Y Vv . o e e 2 Process Logic po
. . VoV . . . « « | '3 Structure Chart . \ :
“ e . v V VYV, . 4 Module Structure
. . . . v v v 5 Structure Text
Figure 3.4A Model of the J-Map Structure

o K]

IS

+

Theée perspectives are uéeful~at differegt stages of systenm
development. The perspec\tive available for each process is

show in Figure 3.4B.

Model' of J-Map ;u‘ucture

- PERSPECTIVE |

V o /i e e e . . . . 1 Meta Data Flow (at module l(evel)
v vV Vv . 2 Process Logic

. 3 Structure Chart

Y. 4 Module Structure

5 Structure Text,

PROCESS

. s s <
< »
. o €
<
e L o o
« L e
<
L~ o o s
€ e v o
<

e o e e o s Lo oo

Identification of Needs
Requirement Specification
Design Specifications -
Software Specification
Software Implementation
Testing
Qperation
Maintenance
Retirement

s e L e o s

.

.

<

a e s a0 s
co-s.-
[T SE R

« s e s s Lo s

X
s ¢ o s o o &£ 2
VNS NN -

T
A s s s L a8 e

R
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-
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Figure 3.4B Model of the J-Map Structure



_HModsl of J-Map Structure ' -

. - PERSPECTIVE

. 1 Mets Data’ Flow (at modyle level)

. | 2 Process Logic . s

'3 Structure Chart .

4 Module Structure

. 5 Structure Text

| PROCESS N ‘
Identification of Needs
Requirement Specification
Design Specifications
Software Specification
Softwere Implementation
Testing v
Operation . - v
Maintenance . ’
Retirement

LEVELS OF DEFINITION -
Data Flow - ,
Control Data Flow s
Procedure 9
Alternative
State .
(Pre-Condition) . 3
Action
(Post Condition)
{mport
Export A
Assertions
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Figure 3.4C Model of the J-Map Structure
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Further decomposition gives the levels of definition

available to dach process. These definitions are shswa~in

s

‘Figure 3.4C." /

Further decomposition still is shown in Figure 3.4D with

element roles- for each of these perspectives at differen\t_:ﬂ_lmg

- -“stages of the software life ci(cle. To ' read the table,

S

select  the " item of interest listed under: M"PERSP 'C'I‘I;IE".
' , 4
Select frqm thaa_/’fow one of the columns ma

Now reading column-wisé, note the system life phase or stage -

-

the column defines. The. various types of information

defined are listed under "Levels of definition" and finally

)

A




- s PR R T RTA A B s R M ek
. . . e ey BTN S - SR N b, BN
- ¢ . - AN

(<) -
Model of J-Map Structure - , ° -
- PERSPECTIVE . :
VYV ¥V ¥V ot e s e e e e e e e 1 Meta Data Flow (at module level)
2 2 ¢ Process Logic
v B T T 3 Structure Chart . -
s e e e e s 4 s VM VY Y VY . 1"k Module Structure :
e A S Structure Text . °
> PROCESS -
s s e e e e e e e e e e e 1 Identification of Needs
e e e e a e e e e e ete e e e 2 Requirement Specification
V e e ¥ 4o v v s Vi e a N . 3 ODesign Specifications
sV e o ¥ o .V . ¥ . . . v .| & Software Specification -
. e« ¥ o o ¥V . .V o .V . .y v]| 5 Ssoftware Implementation 3
B T 6 Testing
g"’"’ e+ e s e e ¥V 4 4 v e o ¥ o o | 7 operation . .
e+ v 4 & e s 4 e 4 4 4 e e e <] B waintenance '
’ c e e s e s e s e e e e e s 9 Retirement . N
4 - LEVELS OF DEFINITION
- 2 ' 2 '/ 1 Data Flow
"o e s e e e e e e e e e e e 2 Control Data Flow
VV VYV VYV Y ... vy, vl 3 pProcedure
2 L T A 4 Alternative
. e . i e s e e e e N LYY VY, 5 State .
' Ve e e e e e e e 4 e e e e 6 (Pre-Condition)
L 2 2 P O A 2 7 Action’
s+ 4 e s s 4 e s s« e« « 5 .| B (Post Condition)
V V V ., VvV V V¥ , ¥V VVVY VYV VYV 9 1mport
VV V. VvV VYV, V Vv.VvyY v vyvv]Ii0 Export ®
e v+ e eV 4« v ¥ . v v . v vl assertions T B
- ELEMENT ROLE - .
T Control flow: , - s
. .« e e . V V.. .VVYVVVY 1 s ::s s(ource) i
e s s e V¥ VY . . v V¥V VYV V] 2 di=destination) y—
e e ¥V Y .. NV VYV VY VIS Lozem LCoop) . R
State:
S e e e s e oYV L VY VY VYV VIt e ::% e(xception) ) ,
S e . ViV VY, . . vY¥Y VY VYV V!5 a:m=assertion) :
P e s s YV ¥V . . . VY ¥V NV VYV 6 t o= t(rue)
2 " vy vyvyl 7 f ::s f(alse)
- - Database:
c ey e e e e e e NV OV L. 8 k sz k(ey) .
T 2 2 9 a ::3 a(ttribute) 1
L 20 7 e B 1 f ::= f(ilename) -
B S 2 75" B b op::» database operation , ‘ .
1/0: . B n
/ eV V VvV . . . vy ... . .. o 12 { 2 i(nput)
L 2 2 N R E Q ::i= ofutput) CL. .
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Figure 3.4D Model of the J-Map Structure
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the element roles are described.

Take for instance "Module Structure”. This structure
is useful at four levels of system life phase defined in
this model. At the specification level, only the
information 'imported to or exported from the module is
definga. At the implementation level, the imported and
exported information may be implied or explicit. An example
of implied imported information would be using a database,
opened prior to calling the module. W;I“he module may not
define the database, the index file and perhaps even the
record pointe;‘ position, but will use information found in
that record. This is imported implj.:ad status information.
It may be crucial to the module, but may not be defined in
most conventional program documer%at'ion. Other implied
imported \ information would ‘ include global variables.
Explicit imported information would be parameters passed to
the module. '

At the Design stage, more information isb required énd
defined as shown in the table. Each succeeding phase in the
system development process builds on previous defined and
stored inférmation. |

Thé method described here demonstrates a technique for

partitioning and organizing the pieces of a system. More

importantly, this method can store this information in an

——organized mannef during the development of the system. This

/
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linkage betwéen leve}s becomes very useful as the system
develops. Such things as 1limits set at the requirement
specification 1level will keeg the project on ccur;e.
ARunctional and performance rquirements defined in the
identification of needs are easily reviewed and not easily
.forgotten. Design constraints must always be held in
perspective at all ;evels of development. It should be
réﬁembered, howgvé?, that some constraints may not be
initially -apparent. The implementation level often-brings
some surprises. The ability to modify and update the higher
specification levels during the development at lower levels,
such as‘the implementation level, provides the fléxibility
required in real time programming. Also, this information
becomes invaluable during the maintenance and revié;on
levels ﬁy preve;fing repetition of original errors or

directions.

¢ N / —'x

3.3 J-MAPS: IMPLEMENTATION IEVEf.

J~Map tables allow for the development of control flow

. in & 'very structured way. This structure is encompassing

>
enough to eliminate.the need for overlapping constructs such

as
e . Do While . .
2. If ... then ... else
3. For ' - ‘ ’ ' .
4. Case )

32



just to name a few in standard p;r'ogramming 'lar;guages.
‘ éontrol flow is controlled by selectionc of an alternative
"within a set or cluster. That alternative specifies the
conditions required for the alternative, a’se'quential' list
A ©of actions, and then what to do next. This structure is
easily stored in a database structure allouéing for analysis

of control flow. '
t “

Also stored in the database are the action and condition
~- . statements. These statements could be further broken down
into elements. * These elements, also stored in a qat\abase,
would allow for analysis of data flow. '
Decision tables are enhanced in such a way as to
integrate documentation into’' the programming structure.
This way documentatiorx° always corresponds to the program
even after modification. The documentation is alsc;
descriptive at the various levels of program refinement.
‘/ This means program specification may be made at various
’levels of refinemﬂent. At the highest level of refinement,
‘afualyst and client would be able to communicate. At the
lowest or finest level of refinement program code can Be
Qenerated from it automatically.
The JMAP table combines the decision table structure
with sever&dditional important geatures; These features
form the relationships between decision taSles and provide

program specifica‘ion. The types of relationships are:

. dequence, selection, repetition, and nesting. Figure 3.5A
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|
TABLE  HEADING ID @ DESCRIPTION
&
v 1| A ’
. s , v  ALTERNATIVE BLOCK 2 1A
v 3 A
v a | A
% I s | A -
f v <6 | A
v 7 A
v 8 A
> i _ SRR I
s CLUSTER BLOCK 1| ¢
dli1ls|s|ad alz2]e¢
d s 1l 8 3 C
a 1ale | extr

' s
. . a
‘ ——— —
/ Figure 3.5A The J-Map Table Construct

describes some of the features of a J=-Map table; Several
features have been' added to the basic decision tabla. The
"CLUSTER" signifies the decision table blocks. In this case
there are THREE decision tables (shown separated by double
lines) in this J-Map\’l'i,\.de. In the first decision table,
there is onlz 1 rule or alternative. The second decision

table contains 3 al-g\ernatives, the third 4 alternatives.

L 4

The 1last cluster is the exit cluster. - The next step’ is
€
giefined’ in the cluster block with "d" or "1" indicating the
next tcluster. This provides the relationships between
clusters. The selection after cluster 1 (after completion
of the actions) 1is cluster 2 (or table 2). Cluster 2
contains three alternatives. . Depending on the :ruie or

" alternative that matches the current state, the ction

&

available. from cluster 2 is e;tt_xer:

, . - o
f J
. : 34 .
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- repetition of table 2 '

- sequencing to table 3 ~
- exit ‘ ‘
The definition of "NESTING" is limited to mean only a call .

to another J-Map table from an action. 'I:his meaning could
.have extended to apply to a nesting relationship if one

table is completely interpreted while testing a condition.

-
' This would be appropriate if the 1angua<jé>\ used to support - -
the loc{ic included function statements.)/éowever, dBASE does
2
‘. noto )
a
TABLE HEADING DBESCRIPTION
v ‘ 1| A . I . Ny
v ALTERNATIVE BLOCK 2 A
v . 3 3 A b -
v’ 4 A L//‘
v 5 A !
“ . v ‘ 6 A ‘
v 7 A
v 8 A
- 1l c .
aj2(c¢c o
s c i >
% ¢ EXIT k
ﬁ o .
: 1|pP g
£12 (P ) .
3 | P
-1 - t 4 4 P a
. T e — TS TSI TR —— : -
) Figure &S_B The J-Map Table Construct ‘
g > & ’ . l")
o Additional information is added to the table by "
L 35
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3

introducing the condition block (Figure 3.5B shows this
addition). This blqck defines the control ¥flow of the

algorithm. "P" gepresents the pred,icate or condition

description.

TABLE HEADING ‘ ID DESCRIPTION
v . l A
v ALTERNATIVE BLOCK 2 A
v 3 A i -
‘ 4 4 A
v 5 A
v 6 A
v 7 A p
‘v 8 A -
e e —— —:==F========= ﬁ*l
s CLUSTER BLOCK ) 1 C
d 1l s s d d 2 C -
d- s s 1 s 3 C
1 a o a |- |- 4 | ¢ | EXIT
— = —
t] t £ - 1 P - -
CONDITION BLOCK ¢t £ 2 P
t £ t t t s 3 P
t f - 4 P
—— = m -
1 . 1 X
2 1 1 2 X
3 3 X
1 2 2 4 X
2 ACTION BLOCK 2 5 X Y
3 2 6 @ X
30 e 71 %
| 1 1] 1 1l 8 X
. 2 2 9 X
e e ======an===

Figure 3.5C The J-Map Table Construct
.The final block added is the action block (Figure 3.5C).-

')
The sequence of actions are indicated by the numbers in that
block. The numbers jndicate the sequence:,'with which to
institute Qxe actions. This completes the standard format.
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of the J-Map %mpleman_tation construct. ) o ‘L

This map could be .refined to the next lower level by
further defining some components. This would relafe to the
top down . approach in system design. The J-Map table

structui:'e for the implementation phase ™s described in

detail in Chapter 5. lf

L

A ' n

3.4 WORKING THROUGH A PROBLEM

The following example, taken frc;m the J-Map Support
System (JMSS) design, gives a demonstration of how the
process works. ' The various éxamples of nIdentification of
the Ne:eds" , "Requiremen{: Specification", etc., are actual
excerpts taken frc;m the JMSS. Refer to Figure 3.2 for the

relationships between processes.’

( 3.4.1 STARTING WITH AN IlZ;EA ’ ' "
The idea level for this project started(as a-list of
conceptual stages for the development of a support
technology l for J-Maps. Figure ¢’3.6 is 'a 1is‘t~ of the

2 starting ideas. ' l . -

The idea level is a rough stage used to correlate ideas

for the development of\ the information system. By

d'eterm‘ining the systenm requirements it can also be’

determined. what will be delivered. Analyzing design

co‘nstraints ,and putting a limit on the design is essentia
w‘ ~
long before the implementation level is reached. The
o ' .Y g2 ' ,
‘ “) : \ . 37
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1.. Development of a data entry procedure to support
the J-Map notation:

2. Verification of data entry:
3. Design a worksheet display on 24x80 character”
screen(s) in J-Map notation;

4

* 4. Allow for flexible selection of items for -3
) display;
5. Interpreter;
) 6. Program generator.
Figure 3.6 Example: Starting with Ideas
1. "Determining System Requirements:; . -
2. Documenting users needs;.
3. Partitioning and allocating functional and
' performance requirement to obtain detalled <
requirements;
4, Analyzing design constraints - puttxng a limit
on design . - .

Figure 3.7 Idea Development Features

IDENTIFICATION OF Tl:iE NEEDS (IDEAS)

I

V... 1,
Y
N B
v b,
I1.

. L
V.. 2.

I N
ooV &
131,
vvvy 1
vvv. 2
vy vy 3.
[A

. VYVVyYy

Iv.
vvvv 1,
vvvy 2.
vvvy 3.

SYSTEM REQUIREMENTS

Develop an data entry procedure to support the J-Map notanon —A

Develop an editor to support the J-Map notation

Devetop an interpreter

Develop a program generator
USER WNEEDS

To be able to select speoific information for screen display

!nc.rpor;te structured software development techniques - dataflow, entity-relationship
diagrams; structural charts, control flow graphs; structured development walk-throughs
Interactive modes avallable

Reasanably good performance in generating programs -
FUNCTIONAL AND PERFORMANCE REQUIREMENTS .
To be fast enough not to frustrate the user '

To be flexible

To be used as a computer-aided system‘for rapld pratotyping

To accommodate new as well as experienced users - *

DESIGN CONSTRAINTS

Limited to 2 screens 24x80 characters
designed for an 18M PC

Imbedded in the dBase 1] environment

Figure 3.8 Example: - Identification of the Needs.(IDEAé)
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- process of ¢this idea dévelopﬁent includes .the steps listed

e

in Figqure 3.7: . e
- pigure 3.8 identifies more formalf& the needs of the

groject in J-Map notation. ”

3.4.2 REQUIREMENT SPECIFICATION " _

. The requirement specification is gﬁz‘next section to be

developed for the system. The‘contents of the reqﬁirements

sﬁéci{icati&hs include a .- complete software ( requirements -

a

specification. These features are listed in Figure 3.9.

-~

+ L)
~ v

%h 1. Functions . -

2. Performance
3. External interfaces
4. Quality Attributes
5. Design Constraints

Figure 3.9 Requirement Specification Features .

4

L3

Good specifications require completeness,’ consisteﬁcy,‘"
correctness, modifiability, measurability, traceability and

process independence. Figure 3.10 is the \requiremeht
’ N %

a

specification for part of this project.
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REQUIREMENT SPECLFICATlul:chtion: Oata entry/editor to “support\ th; j-OMp notation

I.
1.

SYSTEM REQUIREMENTS
Develop a data entry procedure to support thc J-Map notation.

. V.. 2. Develop an editor to support the J-Map notation N
« « V. 3. Devélop an interpreter . 5
« . .Y &  Develop a program generator
11. FUNCTIONS .
' vv .. 1. Dataentry/editor to support &e J-Map hotation” *
.v. 2. Interpreter
5 . v 3. Program generator . .
' 111. PERFORMANCE ¢
vv. 1. Reasonable speed for an interactive system .
) IV. EXTERNAL INTERFACES -
vv .. 1. Storage of graphics screens in ry for "rap\id" ’ T
' flipping between screens

V. QUALITY ATTRIBUTES /
vvv. 1. lncorpor’ate structured softque developmant techniques - dataflow,
entity-relationships diagrams; structured charts, control flow graphlct
structured development; walk-throofhs.

. v 2. Structured design of the 7rogram_gencrated
VI. DESIGN CONSTRAINTS ‘ ’ ~
(' vvvy 1. Limited to 2 screens 24x80 characters (1 graphics, 1 monochrome)
§ vvvyv 2. Designed for operation on an IBM PC - ,
\ vvvy 3. Imbedded in the dBase [1l environment ,
hd a ' ' é ” e 1 »
© . \ ) ¢ . . .
Figure 3.10 Example: Requirement Specification
Id ;
e / : i .
3.4. 3 DESIGN SPECIFICATION ' .
. ' A structured quan provides the user with various forms

of analysn.s at the desxgn level and at the implementation

level. The design ~specification allows the designer to

review ard walk-through- the system. .Techniques for

analyzing software-_éy;.tems include control flow diagrams,
‘external interrupts, state transition didgrams and entity

L. relationships. The contents of the design specification

K

are listed in Figure 3.11.

-The similarity of conte}uts, between the regquirement

specification and the design ~specif1cation differ in that
the former is an overview perspective with the latter being

very specific to the module. The example given in Figure

%0
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_-—3.. External interfaces

o - 4. Internal interfaces ‘
— 5. Quality Attributes p 2
6. 'Dgsign Constraints )

Figure 3.11 Design Specification features

i

1. Functions — -
2. ance _— “

/

o

-3.12 relates to that portion of the’ system dealing w1th the

[ -

data entry/editor used to support the J-Map notation.

H

1

[oEsioN sPECIFICATION:Function: Data entry/editor to support the J-Map notation
FUNCTIONS- i .
¥eooooosl. Menudriven screens for selection of all activities
eV e v oo 2. Help'avaiteble on request from all screens
v« V4 ... 3. Onscreen editing availsble for J-Map notation
e v e ¥V a oo b, Selection of specific {tems may be done with simple command constructs. .
e v e« VoS, Walk-throughs and reviews nccamllcbod {n the form of reviews of speciﬂc
sections _
e v e oo V. 6. Verification and validation by computer onalysis : testing for conpleteness :
¢ oo . vT7. Printed reports availsble for control flow, entity relationship diagrams,
structured English, etc. . .
PERFORMANCE - -
T cv. 1. Nustbe fast encugh to not frustrate the user . .
EXTERNAL INTERFACE .
vvv vy, .1, Screen memory support software utitized to spnwd flipping thrauw mend and
- help screens X
xutemm. INTERFACE— ‘ s
Vieoaosols MHenus linked to main program
QUALITY ATTRIBUTES-
+ Vi o oo 1. User my select help option from anywhere within the system
Veoeoos 2 Easytolearn and use
" DESIGN CONSTRAINTS - 5
¢« oo « o« vV 1. Ditebase structure stores information - consequently this slows the system
Figure 3.12 Design Specitfcation; Example: Data Entry/Editor to s\ueport J-Map natation .
r ’ ° i »
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3.4.4

e

specific as refinement reaches the module level.
3.13 dutlines’the'featurés of the software~§pecification,
The example given in Fiqure 3.14

available to the user  in;edit mode.

Corpp eTgTe i e 2 AT TETMA Y i
P ;

SOFTWARE SPECIFICATION

Software

T S A T TR T [

3\

specificétions becéma

outlines

functionally more-

the options
_ It-is this construct

. that provided the basis éor the screen selection.
-4 A ‘ ’
4 , ~
1. Identification of major features
2. Identimsation of elements -
3. Relationships between major features
X and elements
Figure 3.13 Software Specification Features
v - _ -
’ +
‘ .
N
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SOFTWARE SPECIFICATION:MODULE LEVEL - Screen Selection Merus
V1. SYSTEM LIFE PHASES CaT
1 L I S T BT R 1. l*ﬂﬂﬂc‘tfm of M - '*“ - ‘ R
e R 2. Requirement specification :
. 3. Design Specification ‘ ‘
Y 4. Softwsre Specification :
s s b e 5 * . s. Mmr. lm(“‘t't{wcmi“{m ¢
cecer b 6. Operation .
P 7. Maintenance :
¢ o' o™ e 8 0 5 ‘o !Wlutim ’
T T 11, ELEMENTS : F
VVYYVVYVY 1. Program ID
Veeoaoao 2. .System Requirements
Viesoenace 3. Design Constraints
Voo s b o o0 4. User Needs . -
Yoo rsonog 5. Functional and performence requirements , -
eV ... 6. Fuctions (overview)
e VV.iuson 7. Performance ‘ ) v
e VY. 8. External Interfaces ¥
s VYL 9. Quality Attributes
«VV..... 10, Design Constraints P
e e Vs oss 11. Functions (specific)
e e Voo ae 12.  Internal interfaces N
e s s VYV e 13. Process ) —
e i VY i 14. Data Store
et s VYV 4 4y 15. Data Object . . . .
...VV... 16- D.t.F‘w 4
e v s VV 4 uo 17. Control Data Flow o S ——
e s o VYV o 4 18. Entity ’ ’ .
e ¥V .. 19. 8inary Relagionship
A T 20. Multi-Relationship - ™
e v e VYV ... 21. Attribute . .
MR A 22. Procedure A ,
ves¥YV L, 23. Alternative . ‘ -
v VY .., 26. State : .
e e ¥V .4 25. Pre-Condition N -
e e s VV . o 26. Action - o
e« .VV... 2. Post Condition
e s e ¥VV .4 28. Operatijon
c v e e Ve \.29. Interpreter
e eeee V. 30. Generator '
e e e ee VY 3. Changes -
s et eV, 32. Observations

Figure 3.14 Software- Specification:Example ,
' Module Level: Screen Selection Menu o,

&

3.4.5. SOFTWARE IMPLEMENTATION LEVEL
The design has been developed’ down to the software

specificatign level. This provides considerable information

v

P ) )
. . -

Pt
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- about the module(s) that is now going to be implementaed. /
Continuiné with this example of the "Screen Selection'f“
. Menu" the implementation will beéin. The software .
. épecification identifies all seléctions available. The

initial selection for this project is "SYSTEM LIFE PHABES"
. g . -

<

1. Identification of cluster sets
2. Identification of elements of sets (alternatives)
; 3.. .Identification of conditions
_4. Identification of cperations .
5. Identification of transactiofis on cluster sets

r T et .
6. Identification of objects -
Figure 3.15 Software Implementation Feat%tfs .
\\\ . ) , R -
) SOFTWARE xupLsﬁENtArlowzejii}en Selection Menu ‘
Vieeoeooo 1. Initialized screen, databases . ’ ¥
eV oe e e 2. Mark major areas to view ' ‘
.. V. 3. Selection of major areas complete
.V . .4, Mark sub-items to view
. v . .5 Selection of sub-items complete
e« « s V.6, Ancther major areas requires marking of sub-items
N v 7. All selecting conplete . ! -
§ « s . Initialize screen, get databases )
dss.. . .2 Select SystemLife Phase(s) to view c
B .ddssd. 3. Display elements available for Phase;select elements
r .ddssk4 Are there more Phases?
...... d5. Exit .
A"
' ft.. .. ' Phase_sel=.T,
. ft. .2 Subsel_sel=T,
. . ftl EOFQ)
1.. .. ..1 DOisplay Phases 7
22..... 2. read next selection -
PO N 3. mark Phase record with "X#
- .2..1.4 Display sub-items for current Phq:
. .32.2.5. read next selection
8 .. .1 .. .6, mark sub-item record with “X"
. .11 . .7 get next marked Phase "
i e 3.16 SOftware Impleémentation :Example
Screen 1; Selectlon Menu 3

4 R . . .
ﬁ.ff..'. ve Py e n  TE L Nk e K . PR . »




(Figure 3.14). This becomeé the first menu in the screen
selection. Fiqﬁre 3.15 describes the screen selection
operation at the implementation level from a logical
perspective. Refinement to the programming level woﬁld
requiré the replacement of: 1) the acéion deécriptions with
a list of actions:; 2) the guard descriptions with guard(s).
3.4.6 TESTING AND OPERATION PHASE ’

Inevitably there will be corrections and fine tuning of
the system after‘imgiementatiod. ¥Depending on the problems
found, modification and additions méy be required in the
higher 1levels oé the specification. Such things as speed
and interfacing with the rest of the system are common areas -
requiring changes. Modifications should be noted indicating

the specific function(s) (from the Design Specification

Level) that may be affected. These changes should be logged

in an organized manner. The contents of the testing and N
operation’ log should include the features listed in Figure s
3.17.

1. Identification of the specific function (as
defined in the design specification)

2. Description of change or modification :

3+ Performarice _ .

4. External interface

-1 5. Quality Attributes

6. Design Constraints

Figure 3.17 Testing and Operations Log Features

b Y
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Essentially this becomes an editing process of the design

and software specification. The Software Implementation

" descriptions would alsg have to be modified. In this case,

the original. versions indicate additional changes have been

madé in the log. The log becomes a quick guide to changes

made.

3.4.7 MAINTENANCE LEVEL

The maintenance 1level normally would entail' the
correction of errors found after implementation and £§%or
revisions. These changes or corrections would be registered
in a log such as the one described in the testing and’
operation phase. To simply modiff without noting them could
cause other errors to be generated in other sections of the
program. These other errors may be difficult to correct
without the knowledge of previous éhanges in other sections.
3.4.8 EyOLUTION LEVEL.

Static systemsn probably don't exist or thgy are
~Bbsolete. Changes to a system¥®an come in different forms.

Major revisionk would require a complete top down

~ specification of the system. Portions of the existing

specification, may be wvalid but not nzcessarily. The
evolution level often incorporates additions or enhancements
to the existing systen. %epending on the changes; additions

and modifications to all!levels of the specifications would

' - 46
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be required. This would be very similar to the development
of the original scpecification. \Again, a log noting what
changes are taking place should be made in order to cope
with any interface problems that may result.

4

3.5 CONCLUSIONS ’

/

Integrating information ébout all the 1levels- of )the
ftware life tycle .into ari organized body of information
bec’oﬁieskvery much like a reference library. A card catalog
beaomes the key to a large vault of information. Likewise,
‘thq organi%ed development of p\zag?:ams allov}s access to
selected infarmation much 1like (that ‘of a card catalog.
Practice, refinement and organization are the reguirements
for the software ‘designer. |
“The J-Map notation is based on sets, defined roles of
sets and set members and associations bet?v:en them. The
notation supports control flow charts, data flow,diagrams,
st':ructured’ pseudo descriptions as well as otﬁer popular

structured software development techniqueé, including

graphical répresentation. S

N\




4.0 DEVELOPING A PRODUCTIVk ENVIRONMENT

(o]

. v .
) Ohe most common representation of programs (Pascal,

Basic, Fortran, etc) is a series of lines of code capable of
repetition, Aselect‘ion and ac;ion. The structure of such

programs are )not particularly conducive to analysis and

provides little help to the designer. -/ ™

To support a designer with a pro%uctive environment
requires integration of the many levels of program
development. These levels would include:

1. Identification of needs

2. Requirement specification

3. Design specifications _ A

4. Software specifications

5. Software implementation

6., Testing (’

7. Operation and Maintenance

8. Evolution . X

One of the_-more important requirements ' in this
environment is that action ‘at one level of prograin
development is not destructive to the %’ther levels‘. That
is\ program modification is integrated into the program
specification and design/in such a way that the.
specification ‘and design documents are not out-of-sync even
after /modification.

he design of a specification must integrate levels of
program- development and management. lﬁ:eloping a
specification with conceptual clarity and designed for

maximum automation of systems analysis and automated coc}e

48
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qeneratLoK/requires an querlininq logical process cap&hle

of supporting such properties.

4.1 A METHOD FOR DEFINING AND STORING PROGRAMS
IN A DATABASE
-

{

The comxtibn programs (Pascal, Basic, Fortran, etc.). are

represented in a format difficult for manipulations. Take

 for example the following program structure:

.if (condition 1) .
"~ if .not.(condition 3)
actiqn 2 , 9
else . - v
if .ndt.(condition 2)
action 1 ) )
endif |
endif .
ellse > ~
if .not.(condition 2) . ¢

getion 1 ’
endi ¢

endif

- V- .- g g RASS t g AR g IR FYVE, AN PRI T R T AT W&‘“H}‘tﬂ i
o e s 3 e, AR ST AT ST NN R T TR e S I, (0 e ST R RO £
+ - 3
o

Test;ng the prograﬁy for completeness,.. consisteney and

redundancy in such a forpat is difficult. i

L}

bsing a, tablé format to desién and represent systems

provides a format that can be easil} stored in a database.

\

More importantly, many additional features c%n “be

incorporated into the support systenm. COmputerized testing

for completeness, consistency redundancy can be.

performed. A measure of complexity can be calculated by

‘cdmputer analysis. Reports incorporating .high level
) specitications dﬁg;;r low level specifipatiéns can be

49
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1dea Development Features -
Requirement Specification Features

Design Specification features '

Softuare Specification Features —
Software Implementation Féatures

Testing and Operations Log Features
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Determining System Requirements; .

Documenting usars needs;

Partitioning and allocating functional and performance
requirement to obtain detailed requirements;

Analyzing design comstraints - putting s (imit on design
Functions ‘

‘Performance

External interfaces

Quality Attributes

Design Constraints

1dentification of major features

Identification of elements

Relationships between major features and elements

. l1dentification of cluster sets.

Identification of elements of sets (alternatives)
Identification of conditions

Identification of operations v

ldentification of transactions’ on cluster sets
1dentification of objects

1dentification of the specific function (as dofh’s in the
desion ificatfon)

Description of change or modification

Performance :

External interface : .
Quality Attributes S

"Design Constraints

J-Maps view everything from a table map perspective.

Levels of J-Map support in a
System Life Cycle

L

etc.) can be performed. ‘ :

-k

4.2 PHASES AND FEATURES OF SYSTEM LIFE CYCLE

Table maps’ can be built from elements using the bo

-3

A\

produced. Analysis using database macros (join, select,

ttom up




method?l or by functional decomposition as a top down

approach. Figure 4.1 lists the phases of system development

& .
or the life cycle of softwgre. ‘The features of each phase

"are listed in the bottom part of the chart. Relafjionships
' '

between jthe /Fh&ges and the features are shown in the

cblumns.

o

{.3 SPECIAL OPTIONS AVAILABLE

The table ncitation allows for various types of tests and
measures. Among the more impori:ant tests are those for
completeness, consistency and redundancy. The table design
allows for.the testing of a complete set of alternatives at
gach decision point (cluéter) .

Many aut{xdré have expounded on the attributes of table

representation. (A description of conventional decision .

tables isy described in detail in Appendix A.) D_ecision
tables are primitive J-~Maps. The following are comments
mage by a few of them: "Structure tables provide a standard
method for unambiguously deséribing complex, mu‘lti-’

variable, multi-result decision systems... Interestingly,

.howevér, one of the more promising application areas for

structure tables appears to be in stating the logic of

compilers Fnd edit programs..."22, "any flowchart can be

emulated by a decision table, whose compliexity depends on.

'y

that flowchart,"23 npecision tables gan be used for the

r
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description of parallel processes, which cannot be
conveniently represented by flowcharts."24
The basic principles of decisign tables:G are quite

simple. One of the major advantages of the tables is that

~.

\
7

they’ provide a powerful means. for ¢gxpressing complex

problems in greatly simplified form, which makes possible
more effective analysis. ,

According to Dixon "Many basic advantages may be gained
through the use of decision tables...includifg (1) cutting
the analysis and programming time needed to develop and
‘implement the program by as much as 50%, (2) greatly
simplified updating procedures, anci (3) drastic reductions
in debugging effort, due to almost error-free development of
the process logic"<53,

"The conversion of programs to decision tables is useful

P

for debugging and -optimization of programs (detection of

9

static 1loops, dead-end rules and inaccessible -

instructions)"26, The detection of logical .errors in
“decision table programs 1is defined by Ibramsha and
/" . .
Rajaraman?’. Their method of detection is described in
greater detail in the next section. ’

The development of specialized 1line and spreadsheet
editors allow for the design ‘and development of decision

tables. These tools . make decision table programning

development practical.

52
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~ 4.3.1. COMPLETENESS, CONSISTENCY AND REDUNDANCY
| Consider for instance overlappiﬁg conditions. In a
fully expanded table, duplicate rules bécome‘obvigus.i Ina
composite rule tﬁgle'(a rule whose condition part consigks

of "tn, wgw, w-u) this overlap may be obvious only to an"

¢ E3

experienced user: ,

- A

. {ALTERNATIVE)
v 1
v 2
. v 3
d o , ‘ (STATE) ., | N
: 1
o 1 |{s s | 2 - QH(/
\\ d [d | 3 ' ‘ 5
' {CONDITION}
= ) - t t 1
£le |- 2 -
N - |- |£f 3
« o - b "~
j _ (ACTION) g
- x |x 1
. x | 2
L . ) . co .
X Figure 4.2 Overlapping Pairs of Alternatives

The overlapping pairs of alternatives are:
l &2 - redundant

2 &3 - inconsistent (identieal condition parts in >\

4

overlapping expansions correspond to

different actions Al and A2
. - T
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Intra-rule inconsistency occurs -if the.conditién entry

LN

combinations are not . valid. Consider the situation -

preEented in Figure 4.3:

o a (ALTERNMATIVE) | -
: Sy

v |. 2 ’ | .
v 3 . '
- , _ ‘ v 4 |

{STATE )
1

2 2 ’ :
3 , . ' . -
\ a| - 4 . \/
~ - . . l
{ CONDITION) ‘
1 Age <= 25
2 Age = 25 i
3 Age > 50

an
o n

ot b
ot r ot

(el s W )

~ . (ACTION) ..
» ot 1 1 1y ei»
{1 ]2 2

A
«

i ' Figure 4.3 Intra-rule Inconsistency ‘J/ [/F\\\\N

- ’ 5 7 - »

N

It is impossible for a person to have an age\"x" satisfyin%)'
‘the con;%tions in either column 2 ( age=25 .and} not age
<=25) or in column 3*(age<= 25 .and. not age = 25).
‘The detection of logical errors in. decision table_
programs is defined .by Ibramsha and Rajaraman.28 They ' .
e . describe an algorithm to detect ambiguities and incomplete -
specifications in a decision table. The method is based on
" the use of a.Karnaugh map. The program ANALYZER is based on
‘this 'alqorithm (in dBASE III+) and. used for computor B

v " v . 84
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-
assisted checking. The ANALYZER can be commanded by the

« M d . Y
user to find data sets which will/ lead to ‘ambiguous or L
incdmplete rules in a specified step.: The ANALYZER will be
( described in greater detail in section 5.3. : : :
? N . . n //"
4.3.2 MEASURE OF COMPLEXITY | . 5 /

'}he conversion of a J-Map Table to a tree-like structure

airly elementary. From tree~like structures (or

is
directly from the table) the characteristic Polynomial can
be computed which may be used in complexity conipari.zons of .
algorithms. 29,30,31 32 (gge section 5.2.1) L
. - - " . “ k.
J 4.4 JMSS: J-MAP SUPPORT SYSTEM - AN OVERVIEW "
The J-Map Support fSysten: is graphically iLlustreted in
* °  Figure 4.4.., The most important feature ! ‘—not_i_ge is the ‘
. I key to program

Lk
analysis and report writing. Figure 4.5 models the features

dat’;abese storage of programs. This is t

of the JMSS 'system to the types -of reports that can be

generated. . . 5

3 ! R ‘ . . 1
The editor edits the table structure described earlier. A

&

Several e?itors were designed and implemented for the ‘

- . editing process. However, Lotus 123 was found to be far

*+ . more flexible during the\ implementation processes. ' The
/7 .
otixer development prgeesses (identification of - b
) . o , -t
> . needs/requirement/de‘sign) and post’ development processes
'&‘ ) .

] . .
N . §
-
.
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TABLE REPORTS

GRAPHIC REPRESENTATION

TABLE REPORTS

. v

GRAPHIC REPRESENTATION

a

- ’ | —— REPORT WRITER —
EDITOR |oded

. ™

. | SCREEN WRITER —>
L

B « '\
‘e EDITING —————>{ TABLES
\-/ '

/

e

DATABASE STORAGE -

c .
>4 BASIC ]

| ] PAscaL

==

2

\./ g
GENERATOR
had o s

’”. . )

2->4. INTERPRETER

> SIMILATION

| -
>{ PROGRAM VERIFICATION'
p PROGRAM COMPLEXITY

Voo p—

.o
;, program. The implementation process is first developed in
. ) Lot{\s. The Lo‘Eusrs files are tﬁen transferred to dBase for,
b\.' ‘:‘/f/' ’ ::eport w;:iting, program "gé;erqtion, etc. From the database
", in‘f.orniation various tests may be made:. program veritication
-n -~ and program complexity. ' .
' - .

-~

,v:re,ré’ developed using the interactive

»

J

Figure 4.4 Graphical Model of J-Map Support System (.mssi

K]

ase III» application




~applied is very simple as sden in Figure 4.6.

Model of J-Map Support System

<
<oy

N —a

€ << <<
e s e e g
<
.

O N -

v VvV Vv

SR

<
SN -

STORAGE STRUCTURE
Relational Database -
Spreadsheet N

PROCESSES
Editor

@ -Generator
{nterpreter
Simulator
Program Verification
Program Compfexity

PROCESS REPORTS
Table Reports
Graphic Reports

s File Reports

Screen Reports

w

‘ Figure 4.5

The generator produces standatd dBase III code from the -
J

database.

in the database into action lines of code.

Strucgyre operates quite efficiently in dBase
reasonable execution spgeds., Chapter 5 gives
a real time‘generated program.

could be developed to produce source code for

languages. “.

) athgr features of the JMSS system are the inﬁerpreter

Model of J-Map Support System

<

A

The generator translates the information stored

The structure
The "case"
resultiﬁg in

an example of

Other program generators

other »

[

¢

and the simulator. Both run using the table information

stored in the database. The interpreter méllirun the

R

L

‘
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CLUSTER = 1 : )
EXIT = .F.

DO WHILE .NOT. EXIT

DO CASE

CASE CLUSTER = 1

*1. Cluster 1 Description
» DO CASE . .
CASE <Guard List of Alternative 1> -
<Action List of Alternative 1>
CLUSTER = <next clugter> R N
CASE <Guard list of Alternative 2> i .
<Action {ist of Alternative 2>

CLUSTER = <next cluster>

: . ) e

ENDCASE
¥ CASE CLUSTER = 2
*2. cluster 2 Description

0O CASE . ‘
CASE <Guard list of Alternative 1> » ' !
<Action List of Alternative 1>
- ’ . CLUSTER = <next gluster>

CASE <Guard list of Alterghtive 2> - .
<Action List of Alternative 2>
CLUSTER = <pext cluster> s

ENDCASE

ENDCASE . g . . o
ENODO .

Figure 4.6 Program Generator Output Structure

'

>

3

program in interpret mode to allow fbr the detection of
errors. The simulation mode allows'the designef'to "walk-‘
through" a ’ | ' "
pq{tially complete program.
The JMSS system became fairly large. It should be noted

-

that this is a prototype system. . Due to the limits of the

‘Relation Database Manager System (&BASE III), (in particular

speed), having a fully inﬁegrated system allowing

lnterpretatlon whlle in the edit mode was possxble but . not

practical with the old equipment available (4.7 MHz)., It is

R »




.plausible that this combination would operate well 6n the
modern IBM PS/2 Model 80 microcomputer that operates at a
much faster speed. J

The interpreter prquces screen reports indicating the
%oqical description of the current cluster and the curreht;y
selected alterﬁative. As well, the current aétion is
Idisplayed. " The program operates slow}y enough that thei
operator can read these descriptions while the progEEE was
being interpreted. Getting from point A to ‘point P iﬁ\ﬁge
program tends to ye slow for large programs.

The sim;lator was developed in an attempt to overcome

some of the shortcomings of tha interpreter - i.e., looking

at a partigular cluster or set of clusters in the program -

and testing its operation. The weakness of -4he simulator
became "what are the current values of variables?". This
wvas not a particularly serious problem for simple programs’
or mathematical computation programs. However, when applied
to databa;é applications, the complexity expanded to include
"what is the current database in use and what is\the current
record?". - This became a serious problem when certain
commands are used, in particular the "Locate ... Continue"
comfiands. "In dBASE, the locate comgizi\will locate a record
in the database with specific: attributes. The continue
command wiil continue looking for other records having the
same attributes in the database. Incorrect ﬁositioning of

the database pointer, or carry over of an incorrect list of
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locate attributes would give incorrect or unexpected

[y

results. . -
N x

Table reports presenting selected parts of the‘program
(see Chapter 5) are the preferred options 'for:'review of
p:o?rams. Thesé réports allow the review of selected
information within the framework of the logical structure.
Events leadipg up to the cluster as well as events that
followed the cluster were often required in order to
determine problemns, eﬁiprs or the next step. By searching
for specific clusters, and/or. attributes of the action,

guard, alternative and/or cluster, informative reports could

be produced from the database.

4.5 CONCLUSIONS

The environment developed for J-Map structures is a
brototype for future systems. The integration of an editor,
generator, interpreter and simulator are useful. Pracficalb
applications of the system for large implementatiéns do havé'
problenms. Speed (on the older, slower IBM PC) was a
handicap. However, this is not a problem on the newer PC's.
The limitation of screen size was probablf the mosé‘
siénificant limitatiop. Program verification, complexity‘
measures and graﬁhicgl»representations of progfams aid in
the design of 1logically correct systenms. Additioﬁal

v

features are explored and described in Chapter 5.
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5.0 TOOLS FOR J-MNPS o
5.1 INTRODUCTION

'The fourth section described the use of J-Map
constructs. Applicationn of this methodélogy with pen and\
paper can and is being done. However, pfoducts are less
than perfect with considerable cost in time; The pen and
’paper approach is not' flexible enough as a -design tool33;
For examp%e, an omission to a previous step fesults in a
rewrite @r a geherally messy report. The tables tend to
expand éﬁ%?ag development at all levels, particularly at ﬁhe
implementation 1level -~ conditiyn stub, ‘'action 1list,

alternative seldttion as wvell a step level. To

miscalculate the number of conditions at the beginning of
the design results in several rewrites of the blueprint.
g’/(:ompu'c.er assistance at the design level reduces the need
to quess at the relative numbers of qond{€ions, alternatives
and steps reéuired by the progtﬁg. This frees the designer
t0 concentrate on the task -- that is, the de§ign of th;
program, not the implementation of the désign. The
‘ 4ﬂiimplementa£ion level of the design 1is by far the most
dynamic' in terms of size. Lotus 123 was used to develop the
database becaus; of it; speed, flexibility and unique
editing features. The printing features were also very
useful. After initial implementatipn development in Lotus,
data files were transferred to dBASE III Plus for refinement

and anéxysia! .-




The main constraint of the computer assisted design tool )

K

is the system screen. The 24x80 characters provides the

user with a very small view of his work. Overlays or windows

.provide the user with "flipping power" to be able to view"

necessafy info on quickly and easily. However, for

.

large programming ojects, printed repor~ts are génarally
required. The limited screen size leaves a great deal to be
desired. Higher Tesolution screens do help; but still lack
the size and rgsolution of printéd reports. It is for this.
reason, tha€~ greater emphasis ig given to printed reports
rather 'than sé:reen displays. - Numéfous attempts wére made to
design a screen edit{g;‘ over the ‘thz"ee year development qf
this thesis. These editors were useful for small problems
but frustrating to use for larger problems. Perhaps &th 24
inch, high resolution screens capable of 254 characters/line
with 64 line screens running at a minimum of ’Z?Mhzf, a touly.

useful editor can be developed. For now, however, the

machines and screens available fo,rL this project were slow

and small. Needless to say, wof‘i"king around the limitations

became the real challenge. '

5.2 THE.DESIGNER TOOLS

-

"As the complexity and size of ;;rograms increase, the
programmer is challenged with the task of organizing his

program in a manner which will enhance intellectual

.
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manageability. Thus, the structure a;ld style are critical
in regards to writing programs and verifying their
correctness. In recent years, considerable émphasis has
been 'placed on the correctness of programs and techniques
for eni;ineering them to be correct. However, more emphasis
should be placed on designing 1languages which facilitate
constructing correct programs."34

The development of quegllity programﬁxing habits must be

supported Dby methods that appeal to the user's thinking

-

processes at the highest level of the design phase. A
methodology capable of overlaying high level programming

lanquages with a set of features that stimulate problem-

solving . techniques will enhance the quality and correctness

of programs.

The representation of programs in various ways also
enhances the intellectual zﬁa'nageability of large and complex
programs. - *\}arious' methods of represer:tation include
graphical and table representation. The graphical
repres;ntation provides a v/iew of the complexity within a
module. Table represenéation allows the verification of
thé' correctness and completeness of \ alternative at
decision points. . Another view of prograx:s can be made by
observing them in real time mode run with a special
interpreters. Operating the module &interpretive mode

allows review of the module during run time as well as a

logical profile of the run. It is sometimes desirable to
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run a module to examine its operation before the system i\s

compietely defined. Tt}is can be done by simulating manually

the portion which is as-ye£ undefined or incomplete. 2
The ’ tools developed§ for the support wf the ’J’-Hap

constructs are described in the following sections. -

5.2.1 GRAPHICAL REPRESENTATION AND ANALYSIS OF
IMPLEMENTATION LEVEL MODULES

B'The graphical representation of a module provides a view
of the control flow. ,A.complex graph represents a complex
progfam. An example of a graph is given in Figuré 5.1.
Here alternatives are represented by rows, and clusters °ar’e

represented by columns. From this graph,  the complexity of

‘the algorithm could be calculated based on Tamine33 or the

enhanced view by Wingerter3§. Since the graphs themselves
provide an indication 'o‘f the complexj‘.fty, the calculation of
a number seems superfluous, though relatively easily done by
weighting the number of decision points, the number of
alternatives within each decision point, and the number of
repetitions of decision points. |

5.2.2 J-MAP TABLES REPRESENTING A PROGRAM ”
An examﬁle of a J-Map table representing a program is
given in Figure 5.2. The progr&m is 1large. Normally

splitting the procedure into subroutines would be des}rable.

. However, ih dBase III Plus the "overhead" of subroutine

4
calls was determined to be significant. Consequently, this

64



ASS
ASé

ASS
AS9
AS0
A61
A&2

Ab4
A6S
AGS

|

I

€9 €10 C11 C12 C13 C14 C15 €16 C17 C18 C19 €20 €21 €22 €3 €24 €25

>

=y

Figure 5.1 Cgmputer Generated Graphical Represenxatlon7
)

=
e
b
.
4
|->
H
| g
>
<
> Ry
>
<
< 1
<
<
<
>
>
E
H
l->
5
|—>
>
>
>
.
<
<
<
<
<
) |
. >
EEREEEEEERN &
- 4

a Program "ABC"

65




. - B R T I L T i e e PE I  CC >  Sa  es a
.. P Taw e [ ] . r n J N ':f s \"
-~ [ B . .

real time example demonstratels a éairly large procedure t
(this is the same procedure displayed in graphic form in the
previous section -Figure 5.1).
— When procedures become as la;:ge anf bulky, as this one

, ha’s, information becomes more difficult to review. Shbsets

of the information becomes very helpful. Simple database

commands can be used to select certain parts of the program.

Figure, 5.3 is an example viewing the first 8 alternatives

composing the first four clusters of the example in 5.2,

Figure 5.4 and 5.5 are other sets. Viewing on:ly part of the ¢
~ program at‘ at time is wuseful -during development or

debugging. It is not unlike conventional programming where

one part of the program is debugged at a :time.
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5.2.3 CONTROL STRUCTURES

The condition stub for each alternative within’'a cluster

alternative will meet the match of the current state.
Control flow is directed to the alternative that matches the
current state. Actions of the alternative are sequentially
executed in the order specified. At the end of the series
of actions the;cluster block indicates the next cluster to
be selected (with a value of "d" or "1" for repetition).
5:2. DATA FLOW.REVIEW

) i;zabase selecpion provides a useful tool in reviewiqg

selected variables used in a program. The table structure

this modification occurs. Varioué types .of errors can be
éetected: iduplicaée actio;s, modification of variables
without being referencedg.lack of initialization, etc.

The database’ selection allows for the trimming of
unnecessary information. During the development selected

types of information may be of interest. Figures
&

a L]

controls the selection of the alternative. only one

’ alléﬁs review of modificatdon of variables, and notes where

74
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4.00ALL sub options for Primary option have been tested:get next

Option
5.00Current sub optlon has bun selected
6.00Current sub option hes not been selected; get next sub option
7.00Test sub optfons:display current option and sub option
8.00sub option editing complete; get next option .
9.00t0: initialize flags
10.0t1:0ption ulcctc;l
11.0t2:0ption sstected
12.0t3:0ption selected
13.0t4:0ption selectad
14.0t5:0ption selected
15.0té:0ption selected
16.0None of the tn optfonl selected .
17.0 .
18.0
19.0 ‘ ,
20.0 M
21.0
22.0 -
alo N
24,0Current Position off screen; reblock screen .
25.0Reblocking screen not necessary
26.001splay current screen block
27.0screen block complete-close block at ends
0.00 -
1.00Check each Primary Option selected
2.00Check sub options for current current Primary
3.00Test if sub Option selected
4.00Continue testing for selected sub options
5.00Test 1# Primary Option Selected
6.00Are thers more sub options to test for? . /
7.00Test current Sub Option ¢ -
8.001s the cursor off screen? '
9.00Reblock screen ‘
10.0Set scréen varisbles
11.08Begin editing process
12.08ait for'user input
13.0Test user ingut . -
ZSIOEDlT ' N ’ -
0.00 : . : 2
43.0 nextid0 ) '
56.0 nextid<tnextid
0.00
25.0 nextided
39.0 tidenextid- | )
80.0 tnextid=0 } oo '
85.0 naxtid=tnextid+1
95.0 nextidstid
99.0 8 toff+toff3, 2*tspace+7 say ltril(atr(nextld))+" "
105 mxtid-mxtid +1 o
110 nextidenextid - 1
114 nextidstnextid
116 nextidenextide1 ,
127 trextidenextid
129 nextidetid ¢ 1’
132 replace id with nextid
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List all perts nlatod to variable "tid™, "mxtitr' ard "tnextid® .
in cluster 10-17 ’ : a

1]

sescsssaccfecescansss]| 28.0End of list indicated

b ¢V ofeececncacc]|vresecnces] 29.00i8t Off screen-. tnitislize varisbles
s o Veaeeoreeac]ennsreaias] 30.0r0mition atill on screen ‘
- - - v-Il-‘IIll TeBDeOIRILER W 31!“d‘t '
o o ofeV¥eaasrera]eeaseesas ]  32.06diting complete for this ltu: get next item
e o ofeeVeaseseefocaasnsess] 33.0Malt for users sction '

v |e s s|sesVerseai]enaninacsal J4.OUser acticn read
. » s ofeseeVissaefcansecanss| 35.0User moved cursor up (not at top of page)
o s ofemsaaVeasa)iiaanineeo] 36.0User moved cursor up (currently at top of page)
o s ofecasacVece]ecananarna] 37.0User moved cursor down
o « sfescsccsVeetarncasesse] 38.0User finished
e o sfecersree]esinraneea]| 39.0User entry Invalid - try again
o o efsecaasssc¥|ecascesesai 40.0Next user action moves cursor down . . ‘
+ s elemmnentiee|Veoisenaas| A1, 0User Exits program
g v o ofeavennenee|eVaeerern.]| 42.00ext user sction moves cursor up )
e s olececnscssa]eaVennaaes] 43.0Next uur action fnvalid - try again
e v elenssnccasc]seeVicians| 44.0
- . L] - sevanswnes l-.'v‘l.lﬁ ‘s 0 /

e o ofsecencrncefecaccVorsaf 46.0

= « o ofsencecnniefecacaiveia] 47.0Continue filling screen with data stored . -
¢ o efssccccancs|sansacsVeo| 4B.0Screen filled with items in memory
e o ofsececscecs|renneessV.] 49.0Continue filling screen with blank fFill

R S 50.0Screen complete
0.00 e

e v ofelecaceeni)ecaniiiaas]| 2.00Check sub options for current current Primury -

$ 8 8lucceacense]rencaseres] 10.05et screen variables .

d d diss...d..dd|dad.......| 11.08egin editing process

e's ofdelSuciace|eanasoeses]| 12.0Wait for user input . -
o] o +|eo-dsssss.|.. 000l 13,0Test user input .

o s afeccadeess8{888..c.....] 14.0MOVE cursor up ) ;

e s ofseccaslecei.aa888....| 15.0Move cursor down

o s ofssscncrcas]anadd.ls.,| 16.00isplay current Liat of sub options to be edited ’ : ‘

o s ofsrenneccas[reasss.dls| 17,0 M

e ofeeecnseenc]eaneeansnd] 18.0FILL screen with blanks as recquired

e v o|ecenncsese]eacetecsae] 22.0End of file indicated; update database with new entry

o v o]ecconceliafecanannaaa] 23.0User quits - update varlabln .

0.00 - i
e o sfeccetfeccilecnsvassss]| 43.0 nextid> 3
e s ejececceserifacasseasss| 56,0 nextid<tnextid

ceosansrscfecnnaccsesd 25,0 nextid=0 ’ -
cassancrpefeocn3Bacee.| . 39.0 tidenextid .t

SR T P «.{ 80.0 tnextid=0

easesesabe]leccsseaess]| 85.0 nextidstnextidel

seancesade]scnceccees| 93.0 nextidetid

ceesBuennc[onennibiis] 99.0 9 toffetoff3,2*tspaces? say Ltrin(atFlnextid))en .« .
efeaccearred]eenceaeees] 105 hextidsnextid + 1 .
efsecsasssrc|e3acseneas| 110 nextid=nextid - 1
elrewncssase]ealisease] 114 nextidstnextid
elsoasserscaenceseliae] 116 nextid=nextidesy K

[« X

- e
......‘.ﬂu
o o e 6 8 o & s « o a

I P

vesemcanse]ecaeaaiia| 127 tnextidenextid - ' o
ceasasesss)esoaceeas| 129 nextidatid + 1 . . .
ssesessens)acarsacas] 132 replace id with nextid < :

5

. Figure 5.7 Selected Dataflow Elements in Clusters 10-17: tid, nextid, tnextid ' .
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List all parts related to varisble *tig», nextid® and “tnextic® ' “

in cluster 18-24

Vesnosvssss
Vessenoas
l.v.l"'l‘
seeVssesee
ssoeVasous
ssseeVeoss
.lllllVlll
ssssnseVeo
seveesosVa
lnl:ollllv
tpsesesvnn
“ooesassons
essooences
Ancsscesvas

e A Lo

o osssen 52-0 » *’

L] [ A XX} 53.0’.t t rm m't’m . '

¢ seees|34.0Current db position st beginriing of file . .

e seeee|55.00urrent ftem In file . T

e ocoes|56.0Currently st eof() .

« 1e0es|57.0Cursor moved down -
« snoee |58, 0User exits : .,
s sesse 59.0curl°r HOVId up \h"

¢ sovas w-wut user IC"Oﬂ 'I’Wl”d i tI‘Y ”.'n

® smeose 00

V veee.[61.000w Pecord to be added to db file

o Veeos[62.0User ready to start next option

o =¥eo, |63.0Current column position within range- mave to next colum .

o seV..]64.0Next colum position out of range , .
o eosV. [65.00ext ftem {d in range .

o seee¥ u.gum {tem id out of range

0.0

...l'lw
"lll"’ll
ddss......
oGdss....
ceesd 8888
ll...d...l

vtonpoansoa

d..dd|11.08egin editing process

evess [18.0FILL screen with blanks as required

erees|19,0Get database position

eeseq|20.0Indicate current position on screen

erees|21.0Test user input

8....]22.06nd of file indicated; update database with new entry
«88..[23.0User quits - update varisbles

.ddss 26°g.lur indicates quit - get next option

0

« ¢« B s e e Q

sssseecssns

e anase(43.0 nextic>0

. -..tf

33.-...--.
g--cZonnno
PP
o-o.occ-}c

6 sanvde

56.0 nextid<tnextid ' Sy,

.00

ceree|25.0 nextid=0 A
euess|39.0 tidenextid

vased|80.0 tnextics0

vese.|85.0 nixtidetnextid+1

eveee|95.0 nextidetid

H

7 +en..]99.0 8 toffstoff3,29tspaces7 say ltrin(str(mxtid))+" "
2

105 mxtid-mxtld +1
110 next fdsnextid - 1
114 nextidstnextid

116 mxtid-mxg‘dﬂ :
127 tnextidenextid . - ~
129 rextidstid + 1 .

132 replace id with nextid

Y -

0.00
Figure 5.8 Selected Dataflow Elements in clusters 18-24: tid, nextid, tnextid
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5.6, 5.7 and 5.8 display those areas where variables "tid",

"nextid", and "tnextid" are referenced or modified. Each

'display~is for a different set of clusters. Figures 5.9,
. 5.10 and 5.11 show where the databgses are modified in the

program.

'
ki

These reports are relatively easy to generate by simple.

database manipulation. They are unique relative to reports
found in conventional programming. Knowing where a proSiem
is with respect® o the rest of the program in a lbgig§¥
sense réduces the amount of ripple'érrors that occur when a
correction is made in one loca@igp viith effects felt -in

others. This type of report is a plr.actical approach to

practical problems( Other types of reports could be produced

as the need arises.
Some methbdologies approach dataflow at a much more

basic leyel.' Dataflow becomes more an 'assembly language

exercise rather than a high level approach to proéramming._

In keeping with higher levelllgnguaqes, the level of det;Tl

is. reduced to a practical level, not a machine level.
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List all parts related to dntn:u commands: Replace, Append, Select in .the first 7 cluster.

o-

- © Yoswososss|osnooessso|eee 1.mﬂ’mt Qﬂm [,ﬂ rm !

.v.-.....' sePOogosenfove 2.”“‘ wt’“ h.” m t”td:q“t a w
A nVoan‘-c.. esdsvevacs|rea 3 mmﬂ'mt “bwt“m tob!ﬂt.d 4‘[

g veoVeroraeoroconacsa]ens|4.00Atl sub options for Primery option have been tested:get next Option

‘ ....V..... tssssnsnssinese s mﬂ‘-\t “b”t'm hﬂb‘ﬂ\ “l.ct“

.ll.'v.ll. [ EZEZ XN N NENJ] [ X 6omr.‘t “”t’m h“ mt M “l“t“. ”t mxt .w mtim
seseoeVeselsenvanscis]ore]7.00T88t sub options:display current option nd sub option
cressesVee|ssvecoscselees|8.008ub option editing complete; get next option

seeeseasVeloavenasnes|oes|9.00t0: fnitialize flags
wseasasrsVisavennsacafosne 10£t1‘mim “l.cﬂd
- o.

AN N N AR NND ] vl.l'..l." LR} 11'°t2=mim ul.ct” L
] tesncaveee|tVeveneneo|res 12.0‘33”"” ”‘.Ct“
- Lﬂ.oco-v-o veVooaosse|oen 13.0!‘309(100 ulﬂ:td "
siasesersafessVansaesloas]14.0t5t0ption selected '
cssoosssee|esesVaessn]one 15-°t6:m‘m “l.ctd '
seessesses|eseseVeoes]eas]16.0N0ne OFf the tn options selected T L
I E N ENERN] lllll-vlll LR N 17.0 - -

svevoncens|svoncecVesfans .

visswossvelsescsaseVeloes

-
(=N -N-]
5

.

e nmmim

A

ua:e:s;saa:

8
P "8

o sesr sosrsefressuncass Voo .0
B trsveccssa]escnncaase|eVe .0
v - tesencssosfecccccnse oV oo hd

N'-O
8\

[ - PRPYTIS PPPPTRTRPN PR Check each Primary Option selected ,

. das.dese]|eeerenancafase Check sub optfons for current current Primary .

N i 88onrs|ireeeneers]nnn]3.00Test 1 sub Option selected

veoaCeBBeelcersccsaeslees b, 00CNtINLE testing for selected sub options - .

seveved.sn|sssnss....]...|5.00Test i f Primary Option Selected .

cevavasssl|eseces88.s|ess|6.00Are there mre sub options to test for? = -

tovacavans|escas d.s8(888({7,00Test current Sub Option . '

v voeseeeed. |ddddd® . ddd|ddd|8,.001s the cursor of f screen? . .

senevavreqfensrssodaan|ose 9 mcbtwk 'crm PR

sreeenelesfrecenaasealess[10.05et screen variables { . ,

.d.-I"I'l sessbea vt LN a oExxT

- 0.00

, vecensasas|sresesnese]ees|88.0 sela 10
(AR R N N ENN] .'IOI.II“. LE N 2 w.o ..l. 1

[ IZE R E RN NBENERERE R RN NN ] LA N ] 12, APPE"D‘ BWK

tsssvmadnnjevssnnesee|one 121 W bll\k

122 REPLACE REC_NO/WITH RECNO() Lt

122 replage rec_ny with recno()

ssss e

- 123 REPLACE REC_TFPE WITH #T1% .
(KRN N NN ] [ FEXE R NN NN LEN ] 12‘ REPuE FILE. L "lr“ .sLE 1. v
soreveasan]eseasaacasfess| 125 REPLACE FILE REC_N WITH TREC ’
‘t;.--.o.- seacstagnise]nse 132 r”lm id \IT t‘d -
ST FYTPPPUL P 0135 replace flald_ with unow )
-
Figure 5.9 Selected Dataflow Eldments: Modification to the Databese
/ R . in the First 7 Clusters (note:no changes) N ~
N - »
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List all perts related to detabsse commends: Replace, Append, Select in cluster 8-14. s
- Vieae o sfeccecnassc]eas[24.00urrent Position oft sciesn; reblock screen ' ,
Veeose ofesceencsns|ens|25.0Rablocking screen not necessary :
eaVes o s]ecsacccac]ecej26.001splay current screen block i
ses¥e o olerecncanea]ene|27,08creen block completi-close block at ends :
eeeeV o slpeescnceas]ees|2B.0ENd of list indicated i
verer ¥ ofenceencens|eee[29.0L18t Off screen- fnitialize varisbles .
seeee o V|esorenaase]eoa|30.0Position still on screen ’
0.00 °
ssen e LN ] VIllI‘llou LER ] 31'Gd‘t
cesnn v o Vesndinne]aee|32.06diting complete for this ftem; get next jtem
L vosen o aleeVecaceaaleos|35.0Mait for users action )
seese o slecaVensaaea}ees|34.0User action reed G v , ‘
ceves o afece¥erna]aee|35.0User moved cursor up (not at top of page) .
tesee o ofussseVesua]ees[36.0User moved cursor up (currently at top of page)
oo eee o sfscnsaeVesn|oee|37.0User moved cursor doun
veee o afsesecaaVae|eae|38.0ser finished '
vicen o sfesnescseVe]ces|39.0User entry lid - try again .
ceves o slecevancesV]oo.|40.ONEXt user aftion moves curser down e
0.00
/ cieee o ofeeeranaees|Vaa|61.0User Exits program .
cores o elacarneaseeiaVe|b2.ONext user action moves cursor up
deeas o ofeccacscsce]ev]63 ONext user action invalid - try again
e 0.00
secns o s|edeseeasns]ees]|2.00Check sub options for current current Primary
dide o eeescveens]aee|4,00Continue testing for selected sub options
3 . “o.n ¢ u|sssvscnnssfnsn 8.00!' th. CU“OP °f' 'Cf“ﬂ? - . + s . M
dol.- o ‘eJevnvncocsc]ese 9 m*lxk screen N
ceee8 8 8lacecnencas]ees|10.080t screen varisbles A o
---.d d d “..-d--ﬁ w 11 m.ﬂﬂ “'t'm mm ' " . a
seses o o]dilBecuncatosa|12.0Wait for user input
ereee » »]eeafiSssss. j...]13.0Test user input ) b
ssses o sfasestecc.8/888(14,.0MoOve cursor up . ] .
veres o olosencetaiitees|15.0M0ve’ cursor down - s N
) srese o o --n.--ndau ver 23 w“f w't' e W‘ V.r“bl“
° 0.00
coea? T ]eeeneennas|.46]88.0 sele 10 -
[ceee® 9 Weriilena el [.79]90.0-30te 1 . . . -
veees o alusrenccens]ese] 121 APPEND BLANK b
tevse o sjecocnrnivijone ‘g; mtfbl"* E ' ) .E'
essee o w|esessescenfees| 122 REPLACE REC_NO WITH RECNO() N ‘/ T
ceere o o|eersenaans]|eee] 122 replace rec_no with recno() -
tetve o olasssvenane]ove| 123 REPLACE REC TYPE WITH wT1e h
veree o ofecaseecace]ecs| 124 REPLACE FILE SEL WITH “SELE 1%
(A R0 2] L] L] (XN AN TR X RN L EX ] 125 “m"’f‘w REC “ H!Y“ nEc B
e * sed08 o v|lseseneccco]ons 132 ftplx. ‘d HTth mxt{d ' -
Jeoroe o o]erssececns]eee] 135 replace field_type with unow ‘ -

g Figure 5.10 Selected Datlﬂou Elements: Modification to the Database
’ . in Clusters 8-14°
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List all perts related to detabese commends: Replsce, Append, mtwtnn 15/-:{./
0.00
- veere|64.0
[ X AN ] ‘s'o

eoVs sesfsvscosasee senss “.o

see¥ verfesneesnees|s veves|47-0CoNtInuR Filling screen with data stored )

Vese o00 pevedoesas

” cv-q sssjoesvessons

* s enofiveeadiil]s 8....]22.0End of file indicated; update database with new entry

s esde sesleccssnseca]s 89..|23.0User quits - update variables

c% cevs sesfoeveencsae]s oCdiES g& .QUser Indicates quit - get next option

ll.b Il1 ..l..l‘.‘: 11..'.. m o “l. 1

9..10...[86,...6.7.]17.c...[90.0 sele 1 %

---11--; 2easbhassens 3 eneed 12‘ APPE”D BLA"K

coss senfesencrseses]|12evea.| 121 append:-blank .

' ' vaeliii]iencommaee|bueans| 122 REPLACE REC_NO WITH RECNO()

' vees seefreesoone 13000001 122 replace rec_no with recno()

: ceel3uii]eececerene]téoe...| 123 REPLACE REC _TYPE WITH *T1w

T leealbiieleinceaneee|150eeas| 126 REPLACE F!LE SEL WITH “SELE 1»

ceelSiieeenancanea]160aaa.] 125 REPLACE FILE | REC_N WITH TREC . . P

2000 sse -..-8,--.. 6 sedus 12 r”tm 'd thh mtid

. esns osejoscenviese 5 sovae 0135 r”lm fi.ld tw u'm I.IW ), .
00 ' ! ‘ -

Flgun 5.11 Selected Dataflow Elements: lelc&gim to the Database , L

in Clusters 15-2 g

v eese Veolosoosneaae|s senea|bB.0Screen filled with {tems in memory
Sese oVeleavaernsscfe vonse|d9.0CONtinue flling screen with blank fill R -
eser soV[oeressance]e ooues|50.08craen complete,
0.00
Fand svev ves V.u.....- " segre 51-0
® soes o0e lv.l-I.ll. o os0e 52.0
eses seafocVeraesaele saeea|53.08et db cursor podtion
seae sosfeseVoraaes|e seuse|5.0Current db position at beginning of file
eeas sesleesoVesansfe sanse|35.0Current ftem in file
Gees senfaseeeVaanals vaua [56.0Currently at eof() .
ceas seafececsaVese]e sueed|57.0Cursor moved down
vers soffeacennsVerle senes]|58,0User exits
ceon sheferssenniVele wuana 59.0Cursor moved up
soes asnfosasensse¥le aease]O0.ONEXt user action invalid - try again
.m
sons ses]|sarecsnnss]V seess|61.0New record to be added to b file -
eese senfecosenaanels Voo, 162,0User ‘ready to start next option
seve sesfvencasnaes]e Veoo[63,0Current colum position within range- move to next colum
eere svefesssenense|e oaVes[64.0Next column position out of range _
. soss suelreransasnc|e veoVe|65.0Next Rem id in range M
asss seelsevsnnenne]e oae.¥|66.0Next ftem {d out of range
cess soslreess.dikid|d d..dd[11.0Begin editing process o
BBB. or]ereeccesee]s suens]15.0MoVe cursor down T
a wor o |ddel Sei]ieecennnna]s senes]|16.00isplay current List of sub options to;“d{ted
»‘n ' v sees dl. IEER N NN R NN L] eseann 17 o :
, sere outlosiiiiniii]e cee. o [18.0FTLL screen with blanks as required ) '
evee coe|Dd88scaaa]e aanas|19.0Gat database position
vess eoe]e 08B ..u[e .0ue.[20.0lndicate current position on screen
eess asefoened.5888]. ....4[21.0Tast user input
s
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5.3 ERRORS AND VERIFICATION

forms, Testing for completenesg, consistency and redundancy

(described) in chaﬁéor' 4) 1 techniq&lly‘«fai#;y easy 413
programs in:table format.ﬁb‘ | -
The testing for cémflétaness is basically a’test for ali
possible permutations given gispecific ndmber;oflconditiqns:
f;GiNen Jn condition&, there will be 2#%#n pp?sible
permutations. ,Také for examplé a ciuster w;th 2 cqndition

\\statemenps. There will be 2%%2 or 4 possible permutations:
»

. : - N . A ) y ‘
conditions: N )
condl cond2
3 1. t t
2. t 4 .
\3,- .f t ‘ -
40 f fi;«/ 1
Figure §.12 -2%%n Permutations Where n=2 : , o
- =

Consider the following example takeq,fiom one of the' test

programs: ' o @
Program name: qmenuy .
' |CLUSTER # 1  Starting Alternative # 1 _ . "o . < oy 3
' $8.ciecces]ovcanss ae+| 1.0 Check esch Primary Option selected < %@
13 S P PR 1. tneeé S,
ch Flnu;c 5.13 Cluster 1, 1 Guard ) - VN

.
. .
4 - . e
“k ie
- N .
.
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R )
. 9 - . .
- A * -
' .

3 \o - A
| \ - |
r . '« Program name: qmenuy . ) | ' !
\ CLUSTER # 2  Starting Alternative #3 "
\ d.888. .ol cececcces 2.0 Check sub options fer current curpnt Primery ~
' 1343 JOPINE P, 1. tnwmé '
ceffteeeiifeeeniermn 2. inTne.T,
INCEMPLETE STEPS - . ' RN
Recorcd COND1 COND2 CLUSTER L1 L2 L3 ) .
: 4 F F 2000 N N '
AMBIGUOUS STEPS CN ' . 2
Recorc# COND1 COND2 CLUSTER L1 L2 L3 . . . .
371 F 23 40 « ' . ) T
Figure 5:14 Cluster 2 2 Guards
[} -

Analysis of F:lusté;: 2 indicates one step was not
included, namely, for""' ((’é.not.tn<-i6), -and. (.not. inTn=.T.).
" This ‘may indicate an errog, or a mutually exclusive
situation to be discussed Further’ in the next example.
ere was also an ambiguous step found. Note that both ' -

. 4 ‘ .
alt'érnative 3 and alternative 4 are the same. This was

4

e . ‘ probably a typographical error.

o

®

The next exaﬁple indicates what can happen on analysis&
if mutual exclusion of the predicates themselves is not AW
W "conaudered (/erterlred‘ to. earlier” as . "Intra-rule
- .IncpnsistencY) . In this example fz/&tnow" can only have one
string',value, pame/ly: 1) "tow or. ;) nen cr 3) "t2" or 4)
," .' "t3".or 5) "t4" cr 6) "ts" or ;I) "t6é" or 8) anything else.. \
- Because mutual exclusion was not considered originally, the
. result of the analysis produced a massive resul(t »Note that
2%%8 is 2?6 possible comb}nat;[.ons. The result is shown in '

* ¢+  Figure 5.15..
=¥ 7
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' If. mutual exclusion is conside:ea in this exampie, then

no two conditiOns can be true at the same'times"The'result

" of taking into accoqnt mutual exclusion is shown in Figqure

5.16. Here, he only incomplete step is when all conditibns

afe false. This too is not possible because of ° the

."otherwise" condition.

Another example of a mutual exclusion example is . shown
in Figure 5.17. Conditions 4 and 5 are mutually exclusive.

Howeveg, =analysis shows ambiguous states .rather ‘than

incomplete ‘states. Again, if mutual exclusion of ‘the

predicates is considered, then states 1 and 2 in the list of

"AMBIGUOUS ' STEPS" would be eliminated. States 3 and 5

_would need deflnitlon in the. proqram, or an indication of

exclusion with steps 4 and/or 5

3

Analysis is useful for programs having large numbers of

alternatives. It is a handy check that tends to,lﬁﬁlcate
typographical errors and relationships between conditions.

The program QANALY1l does this anhalysis.
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Figure 5.17 Cluster 3, starting Alternative 6: Example of Mutual Exclusion of Guards

5.4 PROGRAM GENERATOR |
A program generator has been produced for dBase III.
. The input to the generator is database information. This
+ *  information is . seen in Figure 5.2. .'rh generator. is I
“; normally used in the final . implementatio process of a
'program. Several benchmarks were made on érograms produce&
. in the ndérmal way versus the generated gro/grams as described
here. ‘The efficiency of the generated rograms is somewhat
slower than equivail.ent‘ programé written in the ‘moréf
conventionai way. However,- {:he speed differences are not’
. e . ﬁnrﬁhl;y significant. ©' Occasionally/ a  few changes to a
A o generated 'subreutine may be requir?. to improve the speed.
i 'These programs tend to be longer. L\ ‘
The dBASE program generator py duced the program in

.

-

v

53
-
N
'

% g

T N L
eet . Y
e -
“ L
%




AL RR L A P
i

0.00

evedosseV¥s
evesances¥
sressovsse
sesvsecser
sessssnsee
esetcssess
ssruseesee
esssessner
csensernce
ececdposons
‘seennevany
ssnssncaey
sevsdese
sesscsnene
vegsvoneas
srenvesees
sestvscras
teeasveonn

s00000009 0
sevscscsne
v..-lll.ll
lv..ll"..
eeVerssoon
!Ql‘v.not-.
seeeVerooa
..'ltvll.l
secereVaue
---.luV.-
ll.lll’lVl
Il..l.lllv
ceeoedenes
[EENEREN NN
I E NN ENNERNN]
[ A X RN NENY N ]
avsspovans
ssnevscses

sesenssras

eesscans
sesssone
essoenos
2cescosse
sevescas
ssssssne
eversces
aacsses’e
sesiacse
trravens
cssasnne
Vaesosoo
Vossnes
eoVeasoe
eoeVoune
esesVeus
essosVes

eessee¥e

A 8 4 2 @ 2 e ¢ T & 8 & s 8 &8 % 8 8 &

@ s & & & & o » s w v a »

“ 2 o e o

sseessionrs
sseevosven
sevessnces
ss0s00ss0e
evesscsene
esssbncses
'
sscsscosse
ssesvsesas
secsscencs
sevosavene
sesescsver
.
ssesencsens

esevessege

sesvamssasee
esssresses
ssesnsasse
ssesrebsce

seesvesane

sececcn
so0ccced
esovene
eBensse
evoseance
esssdse
seunsns
tecases
ssvssns
sevenss
sevsese
sss000s
sesesce
asssces
sssdose
vosonse
evrsovee
tevncse

ssassss

seomenssee
eoevbdassses
seescssses
teemveoras
esvsscscrss
sovenspene
secssesvee
seavacassa
teccccense
sescessees
sscscsvens
[
ssecanssse
disevonnens
ssecssvees
ssassesnes
tsessessse
cescsssnse

ssassessve

.|9.00t0: iniilllzc flags

10.0t1:0ption selected
11.0t2:0ption selected
12.0t3:0ptfon selected
13.0t4:0ption selected
14.0t5:0ption selected
15.0t8:0ption selected

16.0None of the tn options selected
17.0 . .
18.0

19.0

20.0

21.0

22.0 . o

3.0 ) *
264, 0Current Posltion off screen; reblock
25.0Reblocking screen not necessaty
26.001splay current screen block
27.0Screen block "cmplete-clos'e block at
0.00

l‘llld!..,i
vesvesd. 88
ll...c‘l.ld
e,

vasesiselas

seseevases
$88885....
seenerlBee

censedd.88

ddcdd* . ddd | ddds

eeessenven

Cscncesres

veeoded.

nesssres

ss. A,
$one,
RS

essescacen
ssaevccsos
sssswsaans

sevescensa

sesaane
ssesona
esvessa
sasssns
sesssce
sasessee

ssesrscnne
ssecseguse
tseesavase
essevssesrs

Yessseosae

N U
‘Ilﬂlllllft
l.l.l.l".

cecesveans

secavseaft
seasesssff
IR
I’..’.I.ff
vevaseesff

fifefe....
fieeet....
cevenstfe.
Yeseeeaslf
IR
veeensaaft
.'.Q..'..t
I 44

seeoff
"‘.It.‘ff
tffeff....

feffff....|.

ffefff....
ffeff....

ffefefooaf...

ssvosersen

esvdncsene

fh.ine
th.....

tft.....

ceuthoL.
vensetf.

* & e 8 8 s »

-

eereneees

sessesense

sevéennsacts

vene fffftf

esesevenes|e

sesencsssale

ersesncnae
seecenvene
seecsscase

esenvee oo "";ﬁ""
esnsus D ECARA RS L}
sesres eoereannraane]e
fft. oo aesfee ....ffft .
ssaveer sus|sensmrnnvale
seqosss sen vesensssnals

:}30.0

4.00Continue tnting for selected sub op
5.00Test {f Primary Option Selected
6.00Are there more sub options to test f
7.00Test current Sub Option f
8.001s the cursor off screen?
9.00Reblock screen

«»}10.0Set screen variables

0.00 ' T

J19.0 tnowsveOn

20.0 tnowsti®
21.0 un <= &
22.0 un=t

23.0 ul=¥v¢ Lor.
24.0 un=2

25.0 w2=v4 _or,
26.0 un=3

27.0 udstwv* _or,

ufasyw

N )
u2siyn ' \
u3=iyn

.128.0 un=4

29.0 vhstv® Lor,
otherwise .

tnowsue2e
thowstt3e ¢
tNowsH £4 "

tnows*tS*

tnows=H st

reblock

m-‘llvll

.’n-.‘.tonl
sessenesls

tassencess

20--.9.-5-
Io-t’cl-‘.
ceeealil2,
--uo-2--3-
reeeeeendd
PTTRPI |
ssssgessase

el
reeesiSe
Q..I.I.‘..
ROPI I
reeeei2e,

cdaveslins

cesse.3.33133

.l"..‘ll.

oovl-.oc‘u

........22 X

sesseses "
sscsnanas
esscecenn
esevsnsssn
sesscesian

ren s

[ TN

Ic;clt‘-

«eeb.

seassves

eSssenan

ssacssese

esssansve

Bsseinse

ssesssos
Y

ssesnveay

£ & 2 & ¢ & s 4 .

ceessere
seense o
swessene
ssnesvese
IXEEY Y

seorasse

Toveseas

deeaes

-‘.o-c-q

s sessnsnvee

®“fessesssncne

e ssscenncos

4 ® & & 8 ae s » o= »

" e s o

tasssnssas
tesssesvas
sSsssvesece
esvcssssea
“ssssescvae
ssevenesen
tesenncnas
ssesesvces
seegsesune
ssessiecnee
----------
ssseessanas
teessevsan
assssesace

Cesrenseea

sscssscsnnis

..........
vesssvesne
“sesscnces
cssasescns

tdenneneesy

evosnses o
secscen
ssseces
sasse
saesssane
seensaa
seesesee
svseses
--------
eascccee
sesvene
ssvsesen
eevessa
essssee
-----
ssmaane
eessase

sssvaase

tsencvssan
secscensse
tscosccans
tsscccsnas
ssesenerse
teseasssee
seeevancas
sssecnnsee
ctsessaves
tessanssas
teevesngee
essesnsase
issssvscee
vaseveoens
[ EXTRERYY ¥}
sseesccens
ssccvssvns

0
0
0
.0 tvar<=23
O=
0

23 0 tcolsg
6.0 reblock=.f.
43.0 reblocks.t.

.]46.0 tnowconts.t. ) .

49.0 tnstrel

50.0 tnou-"t"#ltrim(str(tn)) ,
51.0 @ trow,tcol say "

d arou,tcol say "

4+tot1 2 say chr(l%)*sthtr(sstr )
trow Z‘tspacejT say "1, [DEA Deve

52.
53

toff3atott + 4

tnosiconts. f.

unows*us+i trim(striun)) .
arow,2*tspace+7 say “1. Determine -

t filter to field_typeswyin .
arow,2*tspace+? say “2. Document
t filter to field_typeswi2e
arov,z"tlpocﬂ.{;w «3. Partition
t-filter to €i

@ arow, Z'tlp?u‘l say "6 ootchim

EUEo8308

field_type=y»
m f'




.

T T . .
s - » [ f - v

- . . . .
'f r dncanssvss 1..--.--t- wescenntee ll.‘.‘.‘t’ll Sesssnseoans sasve “.o‘a.‘o ..y .“m.‘!|‘_
u-o'--o-.: 25 P sesanevsssfescnner seafanencinnnefs taene 69.0‘22.‘0 SAY "Tm‘“"'
OO DS P cevsrennea]iennnns s finiiiine L L 70,0 © 22,40 SAY “THOMS!TAI
cevecsence]eesTunnens cocecnnren|dacnnns tnefeririivese]s ceea s J71.0,8 22,40 SAY “TNOWITE I
easnecnnae ....1....ﬁ Gensaens o I R ve seafvanesieanels sanee J72.0 8 22,40 SAY “TNOWS'T4tM
PR PN Z O A S P T P ;‘3.3222.:0 say "error {n 't' wvaluet
vesgesecsalrancnan eeafecelobhes o plecscacetecfecnne se sreflaaenciscce|es tanes . vars
TP EETCTTTTTS PYTs: FURISIEIN PPEOOTN POPpRs P PP PR F 0 8 tvar,2 say chr(218)substr(astrin
..... ; B I Y P ng‘ va:ﬂ z‘ny chr(179)+substr(tstr
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Figure 5.18 Computer Generated Taole Representation Program “ABC™

- i

Figure 5 19. This is the same program represented in table
form in quure 5.23 This generat’ed' program is highly

struatured with documentatxon imbedded in the program. This

relterates the point that documentation is always relevant
to the” program even though modlflcatlons have been made.

The samel}rogram ‘written in the conventicnal manner is
given in Figure 5.20. A comparison of style, structure,
docuhentation, and the abiiity to review makes the generated

1 .

program much more desirable. ‘

The major weakness of the generated program is the time

,
. o .

it takes to generate it. This is due to the slow response

time during searches 'mades‘to database for information.
LR Currently ,it generates the whole program, not just the
modified ﬁa;ts. ' However, eqhanqementg ‘to ‘the.§generatoé
could mékél;he editing process more efficient. Due to the
. | : generaéed "program structure, :generation, °of a single
altérnative could be édited back into the oriqinal'generatﬁd

- proqfam fairly quickly. Also, a database'management systeﬁ

capabie of faster searches as well as faster hardware could

’
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CLUSTERSY ’ Ty 4 N )
CXIT'J. ‘ —— . '
00 WHILE .NOT. EXITY \ '
DO CASE s . . .
AV : “ = )
: .
T #5.0Test if PHnry Option Selected * .
CASE CLUSTERs 5
DO CASE . .
s, 1t0: inlthliu flegs . - .
CAsE tnows"t0%,and. .not. case tnowsvti®, ud..mt.wa'.m..mt.‘tmw"ts" ‘
and, .not. tnows*t4% . and. . not. thows*t5%, and. . Not. trows* t6™ . )
. teolss -\ .
trmtne . ‘ : ' '
thows s ltrim(str(tn)) - . ‘
tnosconts, t. ~
reblocks.t. - ) 4
\ CLUSTERs 8 - . ' e
*#5 2t1:0ption selected , , -
CASE .not.tnows't0%, . and. case tnows"¥1". and..not. tnows!t2%. and. ,not. tnow="t3" , .
«and. .not. thows¥té* ,and. .not. tnows*t5%,and., . not. tnows ¥
9 trow,tcol say "w*
9 arow, tcol say "v¥ : ) '
t -« 8 4+tort,2 say chr(195)+substr(sstring,1,2*tspace+1)+chr(180)
9 trou,rtlpowi' say “1. IDEA Development Futum" ‘
' + CLUSTER= é ’
-~ g It2toption selected 0 -
CASE .NOt. ROV L0" .and,.hot, case nows 1™, and. tnows"t2%,and. .not. tnows*¢3w .
A «and. .not.tnowm té¥. snd. . not. tnows* t5%. and. . not . tnows*t6"
L} £2,40 say "TNOMsT2!¥
. CLUSTER= 8 . '
**5 4t3:option selected g .
. CASE .not.tnow"t0¥.and..not. case nom“t‘l".nnd..mt tnows¥t2%, and. tnou-“tS“ :
.and. .not.tnows"t4" and. . Not. tnows*t5%, and. .NOt . thows*  t 6" *
8 22,40 SAY “TNOWw!T3I0 , @
CLUSTERs 8 .. . . . ‘.
**% Stéioption selected
--CASE .not.tnows*t0" and..not. case mu-"tf" and..not. tnows“t2%, and. .not . troweHt3u
«and. thows"t4* , and, .not . tnows"t5% .and. .not. tnows"t6» .
Q 22,40 SAY- “TNOM=IT4L 1™ ’ .
CLUSTER= 8 .
- ey 6t5:option selected -
CASE .not.tnows"t0¥ and..not. case nows™t1% . and. .not. thows ¢2% and. .not . tnows t3n o
.and. .not. tnows"t4x.snd., tnows#t5". ud..mt.tnou-"w' . !
9 22,40 SAY "TNOWa'TS'™ -
CI.USTER- 8 . .
**5.7thioption selected = - " . .
. CASE ,not. tnows"t0%.and, .not. case thows"t1%, and, .not.thows"t2", and..not. tnows"t3»
«and. .not.t “T4" . and. .nOt. tnows"t5%, and. tnows* 6" ' *
8 22,40 SAY "TNW"‘M“‘ .
CLUSTER= s ¢
X **3.8Mne of the tn options selected . . N .
OTKERVISE . . \
8 22,40 say “error in 't' value® : - . \
CLUSTER= s .
" ENDCASE ,
*6.0Are there more sub options to test for? \ . '
CASE CLUSTER= é v NN :
00 CAsE . v .
- el 1 .o - e . . B
CASE {fun <« & - - ' .
Uy L ' ‘ ‘
toff3mtot! + & ’ x* 3 P . :
trowconts. f, . ‘ ) - ' €
m\ﬁltrid:tr(m)) . . -
CLUSTE!- . - ' :
- . — by
Y} N . . . e 92 };
] , , ¥
| P ’ i ) #
- ¢ ¥ a5
" .



?-j. . N ' . ] ! /
: - L] 4 " - /
) ' l . '. ) i : N . . / \0
' .2 ’
. CASE .not. if un @ § ‘ i '
teolnd e ’ . 0
_ tnowstns L trim(stritn)) ’ , ‘ / ‘
: . #  trowonts.t. . R | »
. reblocks. t. . : ‘ . ,’,
- CLUSTER= 8 s )
y ENDCASE ;P ) ;o
. - /
<, *7.0Test current Sub Option . . . / d
R CASE. CLUSTER= 7 e T . : .
‘ DO CASE : o -
= - 7.1, /

CASE case un=1.end. H utamy® _op, ui-"V".and. .not .uw2, and. .not. m-! and. .not .ure4
@ arow, 2*tspace+7 say *1. Determine System loqai raments® /
t arowsarows!
¢ ‘ hd tmm f‘ " *
. set filter to tield_types'uiv \ e
. CLUSTER= 8 : . .
. iy 4
‘ CASE .not. case urmi.and. m-z and, uz-“v“ sor. uz-"V“ and, .not .um3, and..not.un=é
N W ' @ arow, 2*tapace+7 say "2. Document Users Needs®
» ‘ arowsarowtt  «
‘ . tnowconts.f, . N
. ' set filter to field_typesww )
) CLUSTER= 8 , .
7.3 A g
N P CASE .not. case uni,and, .not,urne2, and,uns3 . end.uls"v® ,op, Udsuys, lnd..mt unmé
< ' 8 arou, 2%tspace+7 say 3. Pnrt!tlm/Mkocm furctional requirements®
¢ arou-’roum . i
thowconts, f, ' co -
set filter to fleld _types"u3n

.

R : CLUSTER= p oo

. . 7.4 - : :
i ) LASE .not. case urmt.and..not.unm2.and. .not. U3, and.unsé . and.ubsv? ,or, UksVY .
! . @ arow, 2*tspace+7 say “L. Determine System Requirements
- arowsarowt! - i :
‘ . . tnowcont=, f, ‘ -
. set filter to Held _typesfus4h ' '
. CLUSTER= . .
R , T 5 ,
. QTHERWISE
CLUSTER= 8 .
. ENDCASE . )
v *8.01s the cursor dff screen? . -
CASE CLUSTER' 8 ' '
00 CASE’ .
**8_1icurrent Position off scrm, reblock screen
CASE reblock T -
clear ) .
tvars] .
. Stvar,2 say d\r(218)mbotr(ntrim,‘l rtspocoﬂwchr(wn .
CLUSTER=
CASE .not. reblock
RN _ CLUSTER= 4 .
. ENDCASE | , )
*9.0Reblock screen ’ e '
CASE CLUSTERs 8
DO CASE
' ' g, 10ispley current scr«n block : ¢
. } . CASE tvaras3 “
@ tvar+1,2 sey ehr(ﬂ?)mbur(utrimn 2*tspace+1)+chr (179)
C tyarttv-ro- }
o ' CLUSTER= 9 . . i
.. _ #69.28creen block complete-close block . N 9
N N ’h - CASE .M. Wﬁa .
- ‘ 9 3,2 say chr(195)+nbstr(sstring,1,2%tspecer1)3chr(180)
edBiiady L ] ;z;; zft,"' che(192)+nbstr(sstring, 1,2°tspaces1 Jochr(217)
: . - . ® a
H ‘ . ;

1]
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GO et DR S0 9 T SR R SR T R TR
' ¢ o . .

e / o ]
’ L P . «
\ - ) ~
A " nextid=0
'L tnextids1 ,
) reblocks. f, , :
' CLUSTER= 4 - _
} ENDCASE ' - . )
4 i
: .
. ENDCASE : !
m » > »
»* Figure 5.19: Ganersted Progrem for ¥“ABC"
’ ” ’
7 speed the process “coﬁsidéralgly. The program in Figure 5.18

took £gout 12 minutes to produce on the IBM 4. 7MHz machine.
A 2OMHz machine would probably reduce that time to about 4 -

m‘inutes. The new dBase IV would probably reduce the time

required even more: , |
Additional _enhax}cements' to the generator could ‘be the !

vérifica%gn of the progrom dﬁring{ processing. . However, the

most common types of errors ('compl'etcness of’ the guard) are

e,ésily detected in the' table format. ) -
" See Appendix D for* the complete% programs given as ' =

examples in this chapter. T )

~
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[ 2N 2K BN Bk BE 3N 2R B 2N 2

- , o 1 A . @ &‘ ,:
. J e . . - B . " i ’,
CNVENTIMLC&IN ‘ ) .. R N
mmws PRG i S ) '
; 7 * . . h a' ¢ (, . \
4. Select next sub-item for currdnt Th ' ) . ° C .
4.1 Sub-item selected: print list of l\h-itu dncriptionl‘ @ )
,read first ftem in list .
.--)s
4.2 Sub-ftem not selacted; get next’ sub-ftgm . , :
---)‘ ‘ \
4.3 Sub-{tem now out of range: m next Tn B - o
.--)‘ -
4.4 No more items or sub-items remin to be printed } T . -
- -.->o / ~ * ' /;/ v
PUBL!C TOFF, TCOL , TROW, NEXTID TN, UN, VN, \N ) (v
p.bncxuvuzumwmmwum . . ,
4,0 v~ 00P FOR VITHIN A GIVEN Tn - ‘ T I .
do while tnowcont . . . ‘ i
8.23,25 SAY,STR(NEXTID,4,0)+* "OSTR(TID 3,0)+STRCTNEXTID, 4,0)+* “*S?R(TO’F :3,0)44 . WeQTR(TOFF2,4,0)44 Moy
7 STR(NEXTID 4,0y "*STR(T!D 3, 0)*STR(TNEXHO 4,0) "4STR(TOFF 3 0)0'* '“SYR(TO"! 4,0)en mmmm,.
w4 . . .
@ trow, 2*tspaca+? .- SERE T ‘
do case P 4 . 4 R N .
case tnow"tO" ’ ’ . - P N :
. tcolud . ‘ : - o
. Yttt , ’
tnows* LM tr m(atr(tn)) o Lo T *
tnowcont=, t. . ° T e \L"' r :
, reblocks.t. ' “ . -
case tnowsvtie T . ) - LA
@ trow, teol say “v* T .
@ arow, tcol say "y* - v
-] thoﬂ 2 say chr(195)m.butr(utririn 1,2*tspace+1)+chr(180) N
8 trow Z'upaccﬂ say "1, IDEA owclq:mt Features” .
ifun <= i . ) :
l.l'\'lnﬂ ‘ N N - L/ .
) : toff3stot1 + 4 ,
. tRowcoits . f, . )
. unows'"s+ L trim(str(un)) Q - K
: do case w ‘ ‘
> * DETERMINE WHICH Yum * ~ '
case urmi ‘ . s
" if ulsy® _or, ulsky® > - )
. ' 8 arow,2%tspace+7 say "1, Oeternine sy:t-n Requi rmntu" . -
sroi=arows1 : . Y - -
thowconts. f, - .
- T set ﬂltcr to figld_types™i R . ) -
endif J : )
L case urm2 - ’ ~ . : ’
« 1 ey _or, Wiewyn ' {
- . 9 aros,2*tspace+7 say "2. Documnt Users ueodl“ ,
aroumarowt1 . . ,
- . A ) t' fl " * ! ” ‘ - ':‘\
o ; Sl sat filter to field typesvu2» ' ; ,’A
. endif 3 N
- Seg” case um3 ’ . . v
X if W= v* ,or. d-"V"
9 arow,2%tspece+7 say 3. Partition/Allocate fmctlml requirements”
o armmm . -
L. tnowcont=, f, - ' '
[ : - sat filter to field typo-'\s
h eordif, - .o,
. case unméh : . N L
) S . 98
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y / . X . .
} / K} - “. ) M " =« ( ‘
‘e a2 4 . -
ff Uknwy® or, - Uhuryw - -
° \ 9 acow,2%tspace+7 say "4, Determine Syste- Req.ﬂmm'
arouwsqrowt| °,
tnouconts. f, ‘ .
. sat ﬂlw to fleld typt-'ulr 7 ) . :
’ endif . . -
otheruise '
- ' swnido mthing, go~back and get next Uo w r%
else “ : o
*HEIRIGET NEXT ¥ni S ’ ) ..
.- 'cot.‘ * .
tretnet 4 : s
tmw't'#ltrim(ltr(tn)) : , )
nowconts. t. . ’ .
! locks.t. «
case tnowsH * ' - .
o B 22,40%ay "THOW=!T2!Y ’ -
tnowconts. ¥, . .
case tnows ¥ . -
8 22,40 SAY “THOW=ITI!W - :
.fc -~ e -
case oY ¢ .
9 32,40 SAY *TNOMT4!® > /7
tnowconts, f, '
case tnows 5 , I3 7 .
» 822,40 SAY “TW'TS“‘ : 8 ’ -
© tnowconts.f. . .
. PR , Case tnows"tén = , ~ . v s
. ™ | @ 22,40 SAY TNOW=!TS!W o : - e .
~ . . tnowconts, f, . PR
a - otherwise ¢ r o X .4
@ 22,40 say “srror in’ 1t valuer i T . , )
. A ervicase . - ’ R /
he . ) ; if reblock ' ' . ‘ .

¥ g “““"Q’Lm saggutﬁm*mtnm

W : ’ . clesr o , .
e . . tvarst Y '
L \xnr 2 say d\r(zw)mhtr(utr{ngn Z't,spncﬂﬂ#chr(wn

while tvercs2s - .
. . T 8 tvar+t,2 say chr("?)mb‘tr(utrlmn Z't:paccﬂﬂchr(‘l??) . -
vy ' tvarstvars! , -
- = - © enddo .
. - 8 3,2 ssy chr(195)+substr(sstring,1,2*tspace+1)*chr(180) - T
¢ ’ 8 2,25y chr(192)mb-tr(utrin9,1 2*tspace+1)+chr(217)
. . - toffz-‘l ‘
- AR ‘ nextide0 —_ s '
' ’ : tnext {d=1 T ' ..
reblocks. f, S
. ' - endif ’ , - . * .
: . K erd , !
- . © "hile tnoucont . ~ '
v . teontinuew.t, .
. fintshe,f, . : -
» flagsterts.t. * : ) ; . ~
“ b J ”to t” * ' ¢ ‘ ' '
. tidenextid ﬁ ; A . L
l-?: ¢ . . ‘ . .
toffatstprt . . ' :
.- . ( trows2 ¢ LA - . . :
- H i . :
. °, . \__. ,‘ . N . ./ ) , N - M
enddo . ¢ . \ Lo
sintn . / ' - - b
+ enddo . . . ' ) . ) \ a
- " theed 7 ‘ . N L
L - a : R . \ N
tigure.5.201 c?'mn@iml Program for “ABC®
' 98 2
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. 5.5 CONCLUSIONS %
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The a\b:llit)es to analyze programs can provide addxtional
information to produce a morey error free final product than

would normally be possible. Viewing a program graphically

allows control flow to be reviewed quickly. ~ The J.ogica,l‘

o
review of contral flow ‘can be done using the J-Map Table

representation. Data flow can. be reviewad using database
. ", . . -

selection 'processes . ;

The abifity to reviewfa program from different

perspe%ves can’ be accomplished it the program is structured

"in a forr\at/thgt can be stored imy a dﬁ:abase., Other reviews

and analyses can be done .on prégrams'.in a way aim‘ilar‘to the

business use of databases. To design and implement a major
system using ‘thqse ideas may indeed provide- reviews of
i'ijxformation flow in programs that were never considered to be

. Q .
practical before. A good test of a system is applications of

the system to real situations. This approach to proqramming'

could provide the }nar'iager/desig er/programmer with a rich

envirenment conducive to software design.




6.0 CONCLUDING REMARKS : ' ’ .

&

L 4

The environment ‘proposed in this thesisk'provides and
supports a structured:method'of approach condhcive to software |,
design. The system framework is an organized database of.

—information supporting all details knqgwn about the problenm
being eolved ang,details on how it was solved. It becomes in
effect the knowledge baee used to solve auparticular problem.
Documentation is imbedded in the implenentation process.

This knowledge base can be reviewed in a variety of ways
‘as demonstrated in the ‘thesis. COntrolrflow tables, data flow

review, graphical representation (and aut'bmated verification

are all supported using database

Automated analysis- for comp eteness, consistency and
rédundancy was demonstrated. Datapase query was used to.
review data flow and control flow{

The ability to graphically reptresent a procram provides an
$
indication of complexity as well as control flow of - the

‘progran. he partitioning process could well be reviewed with

a "master" graphical overview of the problem.
%\
'fhe J-Map notation, based on sets, defined roles of sets

. and set members and associations between thelix,M provides a

complete methodology for partitioning large problems. The

decomposition process may be performed with .respect to time

-

gder, data flow, logical grouping, access to a- common

14
.
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l, ] o
provides a gateway to other methodoloqiu ¢

J-Maps can be applied to _the design process as well as to
the problem solution. °It is also applicable to convnrs'ion
prdcesses and modelling of existing prograns as dcscribnd by
Jaworski -and Yirgmgi”. lJ-Maps are- very ve\rla,tilc préblen

solving tools. -

( -
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resource, contro‘l flow\ or other critorion. .This tloxibility
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APPENﬂIX A: TECHNICAL INFORMATION ABOUT THE PROJECT

/

h]

/The JMSS system was implemented on and IBM PC (4.7MH2).

This system became the major limitation during the development

/,of the JMSS system due to its very slow processor. However,

/”awhere needed, other options were explored to impréve the

' system's overall operation. In particular the use of Lotus
123 was considered necessary because the interactive editor in

AY
- dBase for the implementation development was just too slow.

Lo;us 123 tempiates were used for the 1initial
impieméhtation level development. Thege templates were
designed\:g\gatch the %able format described in section 3.3

‘(Figure 3.5). 'Proérams were developed using the table
approach. Lotus files were then convérted to dBase files.
This option,was selected because Lotus reads the whole file
into meﬁory making editing very fast. The 1initial
implementation processes requires a great deal of data entry,
and speed is very(impprtant. X

dBase III Plus softﬁére‘was used for all other features of

. the system. The author developed all softwaée described in
JMSS. dBase III‘Plus has a number of idiosyncracies that had
to be: addressed. The biggest problem was the loss of speed
due. to nested program p;ocedureé. The use of a dBase
compiler, such as Clipper brought in additional'problemp due
to the lack of 100% cémpatibility with dBase. Macros, which

weré used heavily in the application program, were not

‘accepted by -the Clipper version available. ‘

103
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The data entry program for the 'd;vel'opment proceéses)

.described 4in section 3.4 was an interactive ‘dBase III .

application program developed specifical)ly for JMSS The user
éelects which process(es) he wants to edit (see Figure 3.2:
the processes listed became the main men:x with the activities
making up the sub menus). The mgnu driven editor then
provides prompts for edi‘ti:ng. Information wasJ stored in

’

database format for latér‘ review and analysis.

The inﬁerpre:er and simulator were separéte programs
developed to test the operation of 1.:he softﬁare developed.
The interpreter actuafly operateci on. the information storeci in
the: da‘tabase. The operation was: slow, however, becau‘se the
logic of the program was also observed (cluster and
alternative descriptjtons were displayed). The slow :peed

allowed éhe\user to read these descriptions. For small

. programs. this was very useful. The simulator’allowed the user

to view his pz:og;am from a logical perspective rather than an

operational perspective. The user could select alternatives

and the logical descriptions of the cluster -and alternative

: /
would be displayed. '

Tr}e program verification feati:ré called ANALYZER allowed
‘the user to review specific cluster sets to t&st for' ambiéuous
or incominlete steps‘ as described in- séction 5.3. The
alqérithm used is based oﬁ the use of‘ a Karnaugh map. Mutual
exclusion of predicates must be considered when reviewing ;he

analysis of clusters. Perhaps a notation indicating mutual

%
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exclusion sﬁou;d”te considered for an improved design.

Program complexity was calculated on some test programs by
computerfﬁanalysis of‘ the programs stored in a database.
However, generating a graph of the program produced more

important information about. complexity than simply calculating

‘a number. The size of the programs, the 1ooping sequences as

well as patterns can be viewed from the' graphical

l

representation of the control flow of a program. Figure 5.1

is an interesting example of a graphical representation of the

<

control flow of an algorithm. ' ' N
Numerous report writers were produced. Tpese reports

produced tables such as Figure 5.2. The program generator is
.

basically a report of the database information displayed in a°

‘specific: way. The example given in Figure 5.18 is simply a

report of information that is in fact source code.

L
{ - .. - 108




APPENDIX B: DECISION TABLE FORMAT

Each column represents an alternative in t@e decision table.
Each condition entry méy gontain zero, 1 or more conditio;;.
It aLl‘conditions in the eﬁtry are fulfilled the action stub
containing zeio, 1 or more actions are successively executed.
The relatio&%hip beﬁweén successive conditions is the logicéi
WAND": the - first condition to be tested is assumed to be.
preceded by "IF"; Example: IF (first condition) AND (second
condition),..., AND (last co'ndition): ,'I.‘he Brderl in which
conditions Sre‘listed are of. no importanée. ﬁowever, the
tablés are easier to read if the more important conditions are
stated first. Sﬁch a sequence may diffgrhfrom the sequence
preferrgd in programming.

4

The relationship between successive rules or alternatives

is the iogical exclusive "OR". § The sequence of the

Pz

alternatives is irrelevant. However, the convention that if
an ELSE-rule is used then, to aid readability, it generally

. appears as the last rule in the table. The satisfied rule

~

is found by determining the pérticular case in the alternative-
set that matches the cufrent sfate. 'If no alternative is
satisfied by the current values then all the actions specified
for the ELSE-rule are to be taken in sequence.

" By definition, one and only one rule ig satisfied for each

set of alternatives. The ‘ELSE-rulle cannot apply ?o a case

-

-
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which is satisfied by one of the alternatives in the set. Any
table Whlch 1nc1udes the ELgi—rule is always complete. The
ELSE-rule 1is, in effect -a default rule used 1in. this .

environment as detection of an error, or an incomplete list of

. alternatives within the tableq (Note: the ELSE-~rule is not

i

shown in the tables, however it can be incorporated into the

program generator).

Decision table brogramming has been studied for many.
years. Considerable effort has been devoted to algorithms for
translating‘ the tables into execytable code. Chvalovsky38
cited the abundance of literature on decision .tables
describing conversion of decision tables into executable code
at the expense of other features of’ﬁzqual if not greatef
importance. One of the concerns of this thesis is exploring

methods for program }éﬁresentation and methods of extracting

.selected information about programs within a database.

4
Program generation or the conversion of decision tables ,into

executable code is fairly straight forward.

Decision table ;rogramming can' be approached ‘froﬁ two
direc%&ons. Meny beginners start with a completed program and
translate the program into decision table forﬁ; The second
more direct approach, is table prograﬂhing.

There are difficulties with both approaches. ' Translating
pgfgrams to decisiqﬁ tables generally takes longer than the'

table programming approach. More importantly, the

107
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docﬁmcntation in the origiﬁgl,proéram wi;l either be”Iogi or
" be inappropriate when translated to decision tables. . '
Decision table programmix.ag is 'deman'dinq no matter which
approacﬁ is used. However, the' benefits of~usin; the table
'ptfucture is considerable. g;ograms are highly structured and
tend to be complete in terms of all possible alternatives
_datin;a at a dacisign\point. Computer assisted checking can
iqdicate ambiguéus or-incomplete rulés: This sinplifies the

checking process. ey

-
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APPENDIX C: PROJECT SPECIFICATION ’ b
The followirig tables represent templates for proj.ect design
ayp/eeiﬁéations.. " ‘The £irst four  levels were developed

- § © . .
using the program .'"QMAIN". . This program providés the

kY

' templates for the', "Identification. of" }Iaede", "Reqﬁirémant_
Specification", "Design Specifications" and vSoftware
Specificqﬁﬁohé "o l

. £y -’ . ™ ' ' . ) ‘

E—S Identification of needs ﬁ"" /
<

" l:-> Requirement * Specification -:]
° > <

I:> 1 . , Design Specif?.catiér}s& A —(:]
o [:> | ‘Software Specificatigns | —:]
- I:=> ' (\F)oftware Implementation . —(:]
s E> k ’i‘esting .and Opergf;ion ' —<:]
E=-> Operation Maintenance ’ . —::]
- Evolution . i

8

12

[

i{



BSOS S AL LS

BRI AL A M Ot

. ' v 4
M IR . >
l Vid M . A . Y
' 1. Determining System Requirements;- .
2.  Documenting users needs; ‘
’ . 3. Partitioning and allocating functiona]. and .
o, . performance
; requirement to obtain detajiled requirements; .
4. Analyzing design constraints - putting a limit
. on.design - (/
> h.desig ' .
. Figué'e C.2 1Idea- Development Features
. * & . N “ S ! ! _“
\ s “
s = v ] P
- ‘ 4
, IDENTIFICATION OR/EHE NEEDS (IDEAS) . h
1, SYSTEW REQUIREMENTS .
“V'. LI ,1. T ) ]
V.. 2 - - 0
« s V., 3. * * [
Al ) L[] . . v ‘. v - - - ¢ *
. » 11, USER NEEDS . ‘
S L ‘ ‘
. ’ . 1 ] L] - " . ) . . ‘ .
o “ - TIL. FUNCTIONAL mo(@tromucz REQUIREMENTS ,
* ,' * s s a 1- - - ' / ?
R l)' * @ 2. N ,
¢ s o o ‘c . R} / - 1 '
| S “ % "
- 1Y, DESIGN CONSTRAINTS . .
2 N §Z . ’
L] L] L] L] » y / {
~ \"' y L d /
- -Figure,C.3 Identification df the Needs (IDEAS)
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1. PFunctions

2. PéPformance

3@ External .interfaces
4. Quality Attriputes
5. Design Constrajints

o

Tt

}

Figure c.4" Requirement Specification Features

REQUIREMENT SPECIFICATION: SYSTEM REQUIREMENTS

RELATIONSHIPS

V..

.

-

1.
[
3.
4.

SYSTEM REQUIREMENTS

11, FUNCTIONS »

1.
2.

. 3 -
111, PERFORMANCE

L 1.
1V, EXTERNAL I"TEREACES

-

1.‘

QUALITY ATTRIBUTES

DESIGN COMSTRAINTS

-~

" Figure C} Requirement Specification
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N
| 1. Punctions :
2. Performance - ,
'3., External interfaces ° ; ’
. 4. Internal interfaces . .
=" 5. : Quality Attributes ~ , cal
6. Design Constraints '
Figure C.6 “Des'ign Specification features - . .
™ . | -4
DESIGN lPEC;ﬂCAHNszctioq: ' -~ ]
FUNCT TONS o g :
R X
. X ,
L 2 I N ‘. 'T) '
. 5 S
PERFORMANCE 1 ~ .
_| exvemnaL” urereace . 9. .
INTERNAL [NTERFACE _ . '
ouLiTY Artrinites - B . : <
e 2 } "
DESIGN oonsw;lurs . L
Figure C.7 Design Specifications: Functions
: 1. Identification of major features
2. Identification of elements i
3. 'Relationships between major features
and elements
‘ . Figure C.8 Software Specification Features
* ‘ : - '
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SOFTWARE SPECIFICATJON: \
RELAT IONSHIPS MAJOR FEATURES
LI Y . ’i - *
N 2.
R - o 3 3. N !
! . ELEMENTS
DI ) .
ce © 3.
Figure C.9 Softuars Specification
- ' ’ N ~ ks
SOFTUARE SPECIFICATION:MOOULE LEVEL , i
RELATIONSHIPS MAJOR FEATURES ,
1 s e & 8 4 0 0 1. a )
e 2 ¢ e e s e 2.
. -,3 . s v 8 -l 4 3. =
L] " . ‘ - L] L[] . ‘.
S S.
. 0 - L] - 6 L] L] 6!
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L] L] . L] ; . . . 6. \
- . L ] L] - l’ - L] 7. -
s 06 s 8 0 8 o 8.
L] . - - - - . - 9'
. ‘. L] - '. L] - . ! 10.
. Figure .10 Software Specigcationznowlo Level .
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ARG
s‘: -
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" TR s STk Ty
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H
1. ldentification of cluster sets : '
2. ldentification of elements of sets (oltomntim) ’
3, Identificstion of conditions ° /\\
4. ldentification of operations
"* 5, ldentification of transactions on clustcr sets
6. [Identification of objects .
Figure C.11 . Software Implementation Festures
B s » [
SOFTUARE IMPLEMENTATION: Screen Selection Menu ',
v * L L] - . - 1.
. v L] L T ) L L] 2.
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eo e Ve oah - .
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Figure C.12 Software Implementation
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APPENDIX D: PROGRAM REPRESENTATION COMPARISON: CONVENTIONAL
CODING, TABLE, GENERATED CODE

\

The féliowing Figures are examples of the same progranm
solution in differenzw fomats: code produced by t@ —brogram .
generator, and code produced in theconventional for/l;.'
Excerpts from these Figures were¢taken for the
Figurés in Cha‘pter 5. The Table given in Figure 5.2 is the
same problem sc;lution, as is Figure 5.1 showing. ‘the
graphical representation., However, cluster descriptions
given in the conventional coding do not relate tfo the other
cluster codes given in thé other repre'sentit.:ion&

5




1 , ® - A
[ A t .
. PROGRAM PRODUCED BY GENERATOR
CLUSTER=1 - . /
u"'.'. ' e M _/
DO WHILE .NOT. EXIT Y !
0O CASE . ’
*1.0Check asch Frimary Option selected , _~
CASE CLUSTERs 1, .
. DO CAsE s
X N **#1_1Current option in range -
i CASE tn<s$ )
- 8 23,45 SAY *TSTOP = 1 ® . <
reblocke. t. . ’
toff=q ) .
trows2
inTne,t,
CLUSTER= 2 . .
. *#{,2AlL options have been tested:quit . a
CASE_.not.tn<sé
, " CLUSTER= 2 . »
EXIT = .T. N .
ENDCASE
*2,.0Check swb optlom for current current Primary
CASE CLUSTER= 2 - - . '
DO CASE , -
’ . **2,1Current sub option to be tested )
CASE {nTn . v ' -
@ 23,45 SAY ¥TSTOP = 2 .
CLUSTER= 3 -
*42,2ALL sub options for Primary option have boen tated-gct next Option :
_ CASE .not. InTn , \ : .
» ’ CLUSTER= . 1
ENDCASE
*3.0Test {f sub Option nlected . YL
CASE CLUSTER= 3
DO CASE ,
**3,1Current sub option has been selscted * ‘ .
CASE Ltnows'v* ,or, &tnows''v® , ' S
tnowconte=.t, '
CLUSTERw 3 .
“*3.2Current sub option has not bein selected; get next sub option
, CASE .not.&tnows“v* ,or. &tnows'v* .
trmtne1
. tnowsttieltrim(str(tn))
. CLUSTER=
ENDCASE
: - *4.0Continue testing for selected sub options .
- " CASE CLUSTERe 4
DO-CASE - » .
**.1Test sub options:display current option and sub: option ‘
) i CASE thowcont
v - @ 23,45 SAY “TSTOP = 3 ® v
8 trou,Z't 7 ) » .
- . CLUSTER= -5
**4.2sub option editing complets; get next option
CASE .not,.tnowcont .
tcontinues.t. . ha ,
. finishe.f. . T '
o =0 -~ - T : T ,
goto top - .
tidsnextid - - .t ‘
- CLUSTERs 10 ) -
- muse . . ” .
. - ‘ 116
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- *5.0Test if Primary Optlon s.lcct@ : T
-~ CASE CLUSTER= :
. D0 %'S - :
. . 1t0: inlthllu flags

CASE_tnows*t0".and. .not. case thows“t1* and..not. tnou-"tZ" and. .not . tnowm¥t3v
+and, .not. tnowet4¥ and. .not. tnows“t5", and, .not. tnou-*té“
teolsé .
trmtnet — -
~ tnowst+{ trim(atr(tn))
tnoscont=.t. R . '
¥ Cot reblocks.t. ' ”
- CLUSTER= 8 .
**5.2t1:0ption selected .
CASE .not.tnowm"t0%.and. case tnowm"ti% and..not.tnowe®t2%, and. .not. tnows t3H
and..not.thows"t4* ,and..not. tnou-"tS" and, .not . tnowsHt 4 .
\ . 8 trow, tcol say ¥v* A i
o’ 8 aroy,tcol say "v* ’
8 4+totd,2 say chir(195)+substr(sstring,1,2*tapace+1)+chr(180)
y . 8 trow 2‘th7 say "1. IDEA 0-wlopmnt Features®
4 - CLUSTER= - [ o , Lt
*e5 3t2:0ption selected :
. " CASE .not.triows"t0%.and..not. case nows'it1%.and. tnows"t2¥ . and..not. tnows"t3n
» .and., .not. tnowsHté® and. .not, tnows"t5¥, and. .not .. tnowsi'téw
- . 9 22,40 say STNOW=!T2'w
CLUS‘VER- 8 . , Y-
**5 4t3:0ption selected 2
CASE .not.tnows"t0".and..not. case nows*ti®.and..not.tnoys"t2%, and, tnows"t3y
-and, .not. tnows"t4¥ .and. . not. thows" t5¥, and. .not . tnowm”t4n
* 8 22,40 SAY “TNOM=!T3im
CLUSTER= 8
w5 5t4option selected
CASE .not.tnows!t0* and..not. case nows“t1¥ and,.not.tnows"t24, and..not.thowet¢3n
. - . +and tnows“t4% and. .not Jtnowa"t5" .and,.not. thowssté"  °
: : 9 22,40 SAY “THOWs'T41%] ‘
. CLUSTER= 8
**5.6t5option selected
. CASE .not.tnows*t0",and..not. case nows"t1%.and, .not. tnows"t2",and. .not. tnowsht3n Y
- ' and. .not. tnows"t4H  and. tnowsit 5, .nd..not tnows" t4¥
22,40 SAY MTNOW=!T5 '™ ] .o
‘ CI.USTERI 8 . .
) : © w5 7t6soption selected !
R CASE .not.tnows“t0®.and..not. case tnows"ti%,and..not.tnows"t2%,and..not. tnows® 3% .
: «and, .not . tnowe*t4" . and. .not. tnows"t5¥, and. tnows" t6" .
- 9 22,40 SAY “TNOWs'THtw ]
CLUSTERw - 8 ’
**5.8Mone of the tn options selected

OTHERW] SE
o @ 22,40 say “error in 't value¥ : .
CLUSTER= 8
ENOCASE ‘ ., . .
*6.0Are there more sub options to test for? . -
CASE CLUSTER= 6 7
NS DO CASE . v
~ “6.1 - ®
CASE if un<= & oo N
. . ‘m-mﬂ . -
b “toff3stott + &
tnoucont=. f. t o
, - m‘u‘oltrmctr(m)) y :
CLUSTER= : X _ ' o
"4 2 : ' N
. ' CASE .not, if un <= 4 ¢ ‘ '
- tcolsé e ‘ ' ) /
’ - un=un+ . ~ ‘ .
tnows*ti+ltrim(stritn)) : - - )
! L ~ tnouconts.t, ' .
: : i - . reblocks. t, _
g CLUSTERs s : S -
! » T ’
. ¢ 17 ,

!

L)

=~

73
2
.

\,,am'j“.,"« L
. -
r

e



J

TR IR P 5 Yo g TN PR T LU AL 4@&&5.&&(@%@&@&“&& m’;\ b8 “*Wg;mﬁi’m\%
1 4 ‘ L4
»
P vl - . . ¢ . . -
7.0Test current Sub wtlon )
CASE CLUSTER= . ,
. DO CASE . N ’
A ~

" CASE case unml,and, {f ulstv* .or. uls"W¥.and..not.ypns2.end and. .not.um3.and. .not umb
. 8 arow,2*tspace+7 say *1, Determine System Requirements®

arousarowsi ' -
tnouconte. f, « . .
set filter to fleld typestui® . . :
' CLUSTER= 8 \ L.

w72 , .
CASE .not. case urwi,and.uns2.and.u2s®v* .or. u2s™W=_and, .not.urm3, and. .not . ur=k ) -
" @ arow,2*tspece+7 say *2. Document Users Needs*

arowmerowt| )
tnowconts. f.
- set filter to mld |_types u2¥ .
CLUSTERs
. *7.3 ’ .
CASE .not. case m-i.-nd..not urw2,end,uns3 . and, uls*v® _or. u3="V*, and..not.unsé .
8 arow,2*tspace+7 say “3. PQrtltlon/Allocotc functional rmlrmnts" »
) srowsarowt1 .
thowconts, f,
set filter to field type-"US“
CLUSTER= . B )
..7l‘
CASE .not. case une1,and..not.uns2.and, .not.unw3. and.uneé and.ub="v¥ ,or. uksiyw ¥
8 arow,2"tspace+7 say "4, Determine System Requirements® .
' srowsarout+! . .
tnoucent-.f. . ,
sat filter to ﬂotd |_typesiUin ) . e
° CLUSTER= H v *
w7 5
OTHERWISE .
CLUSTER= ] , T
ENDCASE . -~
*8.01s the cursor off screen? Y -
e CASE CLUSTERs 8 - -
. DO CASE i
w*8_1iCurrent Position off screen; reblock scroen
CASE reblock
: CLUSTERw .9 .
ENDCASE : ‘
. ENOCASE .
ENDDO
Figure D.12 Go;wrntcd Program for “ABC“
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CONVENTIONAL CODING

. SEREQMENUS. PRG
* 1. Inftialize: set varisbles; open files;
* 2. Print {tems gelected from Tn
2.1 tnem6: More {tems at Tn level to print
...)3
2.2 tro6 ¢ No wore ftems at Tn level; end program
ou-,O
3. 1f Tn selected, print else sit next Tn
3.1 Itnou:"v" «of, &tnows*V*: Tn has been selected
ko
3.2 othmzdu' Tn has not been selected; select naxt Tn
e a),
4. Select mext stb-item for current Tn

read first item in list

se8)

4.2 Sub-item not selected; get next sub-ftem
==e2h

4.3 Sub- ’l.tcm noW but of range: gct next Tn
=y

4.4 No more items or sub-items rema!n to be printed
c==>0

5.0 Read input commerd key and take sppropriate action

5.1 novcscursor w
ree)

5.2 Move cursor dom ) .
—ee>§

5.3 Move cursor to end of this ub~lht and start next
sub-list '
coad

6.0 If not at the end of the sub-list, print description

6.1 More ;tm in sub-list; display;
ee>

6.2 No more items in sub-list, insert {tem into list
EER% Y.

* % ® %% RERESES ’_‘ LR B BN BN B N BN BN BN B BN BN B BE R B B 1

PUBLIC TOFF,TCOL, TROW,NEXTID,TN,UN,WN, N

public XN, YN, ZN, TNOWCONT , THOW, UNGW ‘ Q

tot1=0 . -
7 tot2=0 v
| tot3=0 ’

Hf ulmiv? ,or. ulswys .
totistoti+) ’
« endif
“{f u2mty' Lor, uZswyw .
totistotlsl
endif )

ff WB='y! .or, ulxrym
totistotl+t
endif . i
if ubsty' ,or, ugmiryw ) .
‘totiztoti+1
endif
*count v# flields
if visiy! Lor. viswys '
& tote=tot2#+1 >
endif <
{f v2mivt .or. v2swyw
tot2stot2+l
endif } . ,
{f vistv' ,or. yiswyw
tot2stot2+1 ‘ '
ondif - -

L

4.1 Sub-item selected: print List of sub-item descriptions;

1y



S T . AugREE ., * P BTN ARt MR Y R TR e
T BN ; . : o At & o

i1t wety! ,or, vésiyw : , C ' »
tot2stot2+! :
, endif - .
4§ vEsivt Lor, VEmeyw_
tot2stot2+1 , '
ondif

+

tot3stot3+1
ondif .
{f u2s®y® ,or, w2swyw )
tot3stot3+1 - L o . .
ondif o !
" “3'”‘ .OP. H!‘“V' . ' o A
tot3=tot3+1 . . . ;
¢ endif ’
(€ whaty® _op, whmiyn - -
tot3stot3+1 : .
ondif . ' o .
It wiamv" _or, wiswyw SR : :
tot3stot3+1 i . e
ondif . - - . .
totO=tot? > N : : {53
Ntt.tci"““ﬂ“'t""ﬂ"“"“ﬁ"“ﬁ“"“n . . ' ~,
*tspace must be defined .
closr R ' -~
SET STATUS OFF - .
SELE 1 ' .
use gmast1 {ndex qroc1 .
*ref . b

CUf e op, winmyw N4
\ . M N - .
3 » « e ] _

e 10 ' ' : j =

Ust OMASTZ index qrec2 ) . Lo “
SET SAFETY OFF ]
*** gopend blank . - .- o )
SET BAFETY ON ’
BELE 9 : . . e
uttlm-chrn%)*chr(196)*Chr(196)+d1r(196)*chr(196) ' )
utrim-utrlmltrimutrim . '
’ tltl"m"‘ ¢« o 8 o o & L -~ * B . /
toff=b :
toff2nl N—
teols4 .
trows2 . 3
tid=0
0 ) £} . L 2~
vrm( - :
»wrm( - . - N . ’ . , N .
xm0 . . . LE J . \ . ,
ym=0 - . - e " o . :
w0 L RN ‘
tmu-“tﬁ" * e
L0akyn ! )
twd. - . .
arowstrow+2 ' . B
M‘xk‘-fn ! . . ' -
toftal ' ~ o S '
tatartal . - i .
ticenextid : ' .
trecideQ R
"trecife! . , . _
flagstarte.t. : . R
8 22,25 SAY “NEXTID TID TNEXTIO TOFF TOFF2 TSTART™ v ) . 4
T "NEXTID TID TDEXTID' TOFF TOFF2.TSTART® o
o . - . . .
w2y e e . -
wR*NAIN CONTROL LOOP BETWEEN T1 72,..1‘6”“"“'“"""*‘ , . .
do while tn<ed _ - . R
] 23.8 SAY STRCNEXTIOD,4,0)+ “+STR(TID,3,0)+STRITNEXTID, 4,0) 4% “*STR('IOFF,B,O)*" “STRCTOFF2,4,0)4% g

- - o o 10




7 ST ' . EROneg e Lo wTdE
\ k.l v m
- V , . ¢
) i 7 STRINEXTID,4,0)+* MTI(TID,S,O)*STI(TNNID,Q,O)*' “ISTRCTOFF,3,0)4*  “eSTRCTOPF2,4,0)¢% WeSTR(TSTART,
. - . [ o , .
. 2.1 . .
reblocks. ¢t. : . . . . »
toff=1 - ’
b~ tl'Oin v ‘ ’ \
. fanF.t. “ \ -
) 3.0 :
do while inTn ) *
8 23,25 SAY STR(NEXTID,&,0Q)+ “+STR(TID,3,0)+STRCTNEXTID 4,0)+" . “+STRCTOFF,3,0)¢% HeSTRYTOFFR,4,0)e% ey
i . ? STR(NEXTID,4,0)+* “+STR(TID,3,0)+STR(TNEXTID, 4,00+  “+STRCTOFF,3,0)+" “eSTR(TOFF2,4,0)¢" WeSTR(TSTART,
if Ltnows®v® _or. kthows"yw }
- f ﬁt3.1
. thowcont=, t,
'; ' **4.0 *He* 00P FOR WITHIN A GIVEN Tn
- ~ do while tnowcont : .
B 8 23,25'SAY STR(NEXTID,4,0)+* “sSTR(TID,3,0)+STRCTNEXTID, 4, 0) 4% "*STI}'(TOFF,S.O)#" “+ETRCTOPF2,4,0)0  weg
? STR(NEXTID,4,0)+* “+STR(TID,3,0)+STRCTNEXTID,4,0)+*  “+STRCTOFF,3,0)4" HeSTRCTOPF2,4,0)4% “eTR(TSTART,
i/ T -
@ trow,2*tspace+7 . "
N ' ¢ do cage - '
" , case tnows“tQu A
. . tcolsé .
‘ tnstn+ : \\
.4 tnows"t¥+| trim(atrétn)) Ry
' tnowcont=, t. o .
4 * "blwk-ot- N
case tnows"t1% . N .
= : @ trow,tcol say % . A o]
’ @ arow,tcol say v '
3 4rtot1,2 say chr(19s>+mcr<mrim,1 2*tspace+1)+chr(180) \
S @ trow, Z'tspactﬂ say "1. IDEA Development Festures®
ifunc<= &
unsun+y
toff3satot! + &'
! tnowconts.f, v
? s unows M+ {trim(striun))
do case
* DETERMINE WHICH M *
case urm1 ‘o
if ulsiy® _op, ulatyw
) 8 arou,z'tspucﬂT uy “1, Determine System Requirements®
* - * arowsarowt+1
* tnosconts. f.
set filter to field_typestui®
endif .
case un=2 :
N ' if \2-3;4' Lo, uZswyw
Q' arou,2%tspace+7 say %2, Document Users Needs* , "
. ’ srowsarowt1 S
v . : tnowconts. f, P
. : set filter to field_types 2w ~ . K
. « endi . .
’ Ty ! case um3 . v
- ’ . Af uSanye o, useV™ -
‘ ‘ 9 srow,2*tspece+7 say *3, P-rtmon/Allocna functional requirements” ,
LA ' ‘ . srowsarows1 .
. . O tnowconts. f.
- e, » set filter to field_types"U3%
- ondif
= case urméb o
. - {f ubs v _or, Ukarye
ka . ‘ 2 arow,2%tspece+7 say *6. Determine System fequirements®
. g | : , . arousgrowe ! ‘
‘ . « tnowconts.f.

v ~ om
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e set filter to field typeeusin .
: - . endif ’ ' s . o
otherwise ) ’ @

s**4do nothing; 9o beck snd get next Un :
ondcise coT

olseg ! ‘ \
weeswvGEY NEXT Th '
teolwé
e tnstndl |
‘ p tnows*t4+itrim(str(tn))
tnowconts, t, 0
reblocks, t. —
ondi f . : .
CasR tnowsNLM
8 22,40 say “TNOWm!T2w . ‘ *
tnoweonts. f.
N caS® thowm"t3® , . T
9 22,40 SAY “TNOWIT3 ™ o - s

. @ 22,40 SAY “TNOWs'Th!w ‘ . . ‘

. s, f. . . o N . @
case tS ' ) . . .
9 22,40 SAY “TNOWmTS!™ . . . .

tnowconts. f, . °
case tnows¥téY ’
8 22,40 SAY WINOWm'TG'®

tnowconts. f, ‘ ,
otherwise X .
8 22,40 say “arror in 't' value® , ¢ - i
if reblock ’
clear ‘ ’ . ' '
*tvarsi "

© @ tvar,2 say thr(218)+substr(sstring, 1,2*tspece+1)+chr(191)
do while tvar<=23 - i
© @ tvar+1,2 say chr(179)+substr(tstring,1,2*tspace+1)+chr(179) N
tvarstvar+ | Cr

8 3,2 say chr(195)+substr(sstring,1,2*tspace+1)+chr(180)
9 24,2 say chr(192)+substr(sstring, 1,2*tbpace+1)+chr(217)
+ toffesi
tic=0
tnextid=1 .
reblocks., f. ) N

. endif . . . h ) I

*hile trowcon ° )

tcontinues.t.
finfshu.f. ’ . : ' - o
ﬂmtlft‘.t. . - s - ' . N . .
goto top 1 I - ! '
tidenextid C ' . C

o 1824 ' R

* toffststart - .- SR .
trows2 '

do while .not. finish ’
8 23,25 SAY STRCNEXTID,4,0)e% “+STR(TID,3,0)+STRCTNEXTID, 4, 0)+¥ "*51’&(']‘0{?,3,0)*' “+STRCTOFF2,4,0) 4% “s

w59

? STRONEXTID,4,004%  MSTRCTID,3,0)¢STR(TNEXTID, 6,094  WSTRCTOFF,3,0)0% eSTR(TOFF2, 4,03+ WeSTRCTSTART, -

o

L. dohile is0 .
feinkey() , '
“s.' ‘ - -

o .
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. ,
' case (=S . ..
“wp > ) .
*move cursor uwp .
77 chr(%) . . . )
, it mx:l&o . , .
.y S N “ . '3 . .
° : - seek’ trec . ’ ’ ‘ \
P : O toffetoff3, 25tepeces? say Lteimatr(nextidyon.s '
. ) ( 2 .::ff*tofﬂ ?tmegﬂo get desc
, :otoff#toff's «Z°tspace+10 say desc : .
case
. A . , ’ cass reackey()=15..or, readkey()*$ .or. resdkey()=261 .or. readkey()=2?!
. - *down «>¥
. . , . ) *modi fy/down -» *modify/<cr> ’
. ! ' in24 R o ;
B - tof fatoff+l - : : .
e - - nextidenextfd + 1 ‘ “ v, o 4
skip : L . ‘ o,
. . - sele 10 e ' !
# skip
sele
o case ruduy()-! u
=6 ¢ -
® case readkey()=é .or. readkey( )= 260
- . : *modity/up ->
it toff>1- -
’ ¢ 1'5 ’ °
toffstoff-1 .
nextid=nextid - 1 , .
. ' sele 10 -
: . skip -1 .
- 2 trecetile_rec_n: . .
o “sele 1 -~ ’
. 3 ) else o7 )
- ‘ . i=0
‘ L T endif
L - otherwise . i . |
5 L. Co i=Q s .
ot erdcasé T
v else
i=0 :
o - endif : : _ ~
: "5.2->6 s " : ’
N < case i'z‘ ) 3 < -
*down «>’ | , ‘ .
® *get next ftém in List
"R *PRINTS NEW BLOCK 1F SCREEN BLOCK fUI.L °
7T W ‘ B
- . : : if toffetoff3>23 .or. flagstart . : Ty
) , ¢ flagstares. f. . .
E : nextidstnextid -1 , - : ) a .
v C . tid mextid + 1 . . !
‘ @ 2,45 say "rec_nos"+ltrim(str(rec_ no)) : o e .
. - if M(, . > ' - 7oA
. . trecids0 Lot S
- ' else’ ' ) ’
X / : treciderec_no . ¢
‘ endif ) :
. - sele 10 . ) e -
R - goto bottom ’ s °
x . treciO=rec_no . . !
* e . sele 1 - : .
. toff2stoff -
.~ ’ N do, while toff+toff3<s23 ,and. .not. ®of() A S
: : - < nextidshextids {
o N . : .8 toff+toff3,2 say d\r(179)mbltr(tstrin¢,1 Z't:poeu‘l Yechr(179) ‘ :
, ‘.. @ toffetoff3 Z'umﬂ ,
.o i ol :cffotoffs.tcgl soy v, ‘ -
\'\‘ P .~ - s % - - Lo 9 . . "n ) ‘ ¢
. , " * »

.

“e
4

°



- ) ‘e pel SN ) * ;- ; o v
1 ! " 4 ¢ !
A, J - ~ H .
3 ’/I
.4 9 totf+toff3, 2tspece+10 say desc - - .
‘ ( . 9 toffstoff3,2%tspacar? say ltrfn(str(mxtld)w "
w a . toffstoff+1 .
. trecsrecno{) ! .
o * - . SELE 10 .
APPEND BLANK
. REPLACE REC_NO WITH RECNO() . S '
‘ ) REPLACE REC_  JYPE VITH NTqw s
. REPLACE FILE . _SEL WITH “SELE 1% ™ Ve
; ' REPLACE HLE REC_N MITH TREC . o
B < SELE 1 )
. skip
. enddo . .
. ; , > tnextidenextid . .
. .ot . do while toffitoff3I3: V4
‘ . D @toff+toff3,2%tspace+7
Y - ' . Stoff+stoff3,2 say chr(ih)*swttr(tstrimn 2'tspace01)+chr(179)
L ' ‘ " toffutof
r i - enddo \ '
’ 3 o eale 10 ]
‘ . if trec10>0,
o - e seek trec10
. ! , . ’ " “else -~
. ) ‘ e goto top . o
. : - endif . =
. . . {f trecid0 N .
. sele i \
* ¥ 'S g N #eek trecid -
e 3 . else ( . . ) .
o, ’ selé 1 - s
‘ y - * goto top , : B A
. . endif : 5 » ' .
b . toffsfotfd . .
) . s nextidstid °
, o endif - :
- g it .not. eof() » - .
. "5,1 028 : . ' ‘ .
. - ' @ toffetoff3, tcol say "vH ‘
~ . & toffetoff3, 2%tspace+? say Ltrim(str(nextid)ysv."
8 toff+tof3,2*tspace*10 get desc
. _ READ )
. 8 2,40 say 'nadkcy()-“str(rudkey())
. - -] toff#tow 2*tspace+10 say desc s
L . replace rec_no with recno(y - *
; . ' . S replace id with nextid .
- , weng 2-->% .
*l R . B tln . ) . -
h ' . tatran o ' N
-> @ toffetoff3, teol get tatr ' :
" read
) .. . H‘ tatrave or, tatrawys
' . . . - 8 toffetoff3, tcol say. v N
. ‘/l 3 append blank © . '
, ‘ ‘ . replace field type with unow ) . o
2 replace id with nextid . .
] L . replace rec_no with recno()
b 8 toffetoff3, 2tepace+7 say Ltrim(str(nextid))+n.v .
‘ . 8 toffetoff3 2-up.cmn mt‘sc R
) L T . p\ resd ; ~ L
’ : ¢ ‘ TREC=RECNO( ) . ) s S
- d . sEI.E 10 o ¢ . N N .t i
v . i ©  APPEND' BLANK . N s . .
. . REPLACE REC_NO WITH RECNO() ) ) ’ &
) \% : REPLACE REC_TYPE MITH *T1® « 1 N
, R ' ' g REPLACE FILE_SEL WITH ®SELE 1» ’ . - N
o . X *  REPLACE FILE_REC_N VITH TREC , . :
B SN ., SELE 1 - ‘ 8 , ’
e » @ toffetoff3,2*tspace+10 say desc - ‘ q : .
: o -] tofMoffs tcol n? LOWER(tatr) * . ’ . :
- . , tidetidel ‘ N K
s . 126
. B ) /
s s c“ . i 20 ) :1 ’ ' ' ! )
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- f 5

- - ! v
' S . o .
. N 2

v ; : . tnext idstriext id+ : e
alse . ‘ . o7
*continue on to hext column <
- Vs 8 toftetoff3, tcol say ».» \
X . tcolsteol +2 -
. T ) N f'n{.h‘ ‘_- i 4 7 . T
‘ tstartstof? A . 4
endit ’
erdif ) . 4
) do case :
. case resdkey()=i15 .or. rndzoy()-S .or. rnd:w()-zéi..or rnd:w()-zﬂ
\ ‘ . ;cz‘ doune>* *modi fy/down ->*modity/<cr>
. () '
[ ! toftatoftel- P
. "nextidenextid + 1 L
| it .not. eof() ~
| , ! sele 10
. skip
) o sele 1
| 3 , ) - ’ skip ‘
' , endif K
. case Tesdkey()=3. -
. . =6 e
o , : case rndkcy()-é .or, readkey()= 260 .
‘ . * upr " *modify/up > -
) it toff>1’ \
. 125 -~ o
' toffutoff-1 . .
' nextid=nextid - 1 ’ : ’
i sele 10 ?
' ' skip -1 .
trecefile_rec_n a
sele 1 .
olse . .
=0 : . .
ondf ¢ : . el .
otheruwise ’ . )
- ‘ i.o
‘ enccase
“51»3"’2 .
case 136
L. R *<end>
& finish=.t, .
toolstcol+2 - , . .
toffatoffsl
if toffetpffa ° ¢
/ toffstoff2 ‘o
’ endif .

£ nextid<tnektid » - .
mtld-tmxtid ' :
! . endit ‘ . .
s otherwise ‘ I -
{=0 . .

- endcase Y ..
*wéhile .not. finfgh*** '

e ’ else °
weaif Rtnows"v® .or. Stnow = MV*
tnstnti
tnows*tH+L trim(str(tn))
endif .
enddo .
" inTn . . . 3
. enckdo- .
" otneb . . . o

L

 Figure D.2: Conventional Program for WABCY , ) . . .

4 S

- . - R
b te -
R . 3~
M f f - v )
, f . B N \

Fe .



AR

-

0y

&

_— s

AT e Y e RS I
naSE RER
. £
ey

APPENDIX E: THE PROCESS MODEL “ c

Formaliy, a process ne:‘i related to the clustez; set C
consists of - .-

1. A table (P,T,F) where P and T are two disjoint sets
(PnT=¢) called CONDITIONS and OPéRATIONS, respectiQély, and
F is a set of states F, each one connectiné a condition peP 3
‘to an operation teT or vise versa (F=PxTUTxP).

A

2. A set (Q(p)) of states on fhe }cluster set C,
. .
associated with the set P(({p)} of conditions.
i " P
A set (U(t)) of transactions on the clus;er‘setxc,

associated wig? the set T(((t}) of operations and the

a _‘N/‘

. corresponding rules. : : -

—

1)

An operation teT is enabled whenever::
a. For each input condition p of t, it corresponds to a
result of the query Q(p) that is not empty. o
b. There  exists at least one set of objects, extracted
from tbe inpht condifions,efor wh;ch the rules specifiedxin Q-

™

the trénsaction-U(t) are satisfied. .
When ﬁhe system roperates, the actionk hséﬁciétéd with the

op;ration causes changes to the state and impact on ,1‘:h:e \___\ '

output conditions of t.. . . - ‘

a



